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strates Motorola's continued commitment to Metal-Gate CMOS. Complete specifications 
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in the form of data sheets. In addition, a Product Selector Guide and a Handling and Design Guide- 
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may directly threaten life or injury. Per Motorola 
Terms and Conditions of Sale, the user of Motorola components 
in life support applications 
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© MOTOROLA 
INC .• 


"All rights reserved'" 


First Edrtion 
198&-DlE131/D 
Revised 
1987-DlE131R1/D 
Printed 
in Great 
Bmain 
by Eyre & Spoltiswoode 
lid 
10,000 7/87 


Master Index 


• 


This index includes 
Motorol~'s 
enti.re MC14000 series CMOS prod.ucts,. although 
this bookI 
contains 
data sheets 
for Logic 
Devices 
only. Data sheets 
for devices 
In other 
books 
are 
designated 
in the page number column 
as: 


SF - 
See DL 1:30, CMOS/NMOS 
Special 
Functions 
Data 


Telecom - 
See DL 136, Telecommunications 
Data 
MCU - 
See DL 132R1, Single-Chip 
Microcomputer 
Data 
MPU - 
See DL 133, 8-Bit Microprocessor 
and Peripheral 
Data 


Device 
Number 
Me 


14000UB 
14001B 
14001 UB 
14002B 
14002UB 
14006B 
14007UB 
14008B 
14011 B 
14011 UB 
14012B 
14012UB 
14013B 
14014B 
14015B 
14016B 
14017B 
14018B 
14020B 
14021B 
14022B 
14023B 
14023UB 
14024B 
14025B 
14025UB 
14027B 
14028B 
14029B 
14032B 


Description 


Dual 3-lnput 
NOR Gate Plus Inverter 
. 


Quad 2-lnput 
NOR Gate 
. 
Quad 2-lnput 
NOR Gate 
. 


Dual 4-lnput 
NOR Gate 
. 


Dual 4-lnput 
NOR Gate 
. 


18-Bit Static Shift Register 
. 


Dual Complementary 
Pair Plus Inverter 
. 


4-Bit Full Adder 
. 


Quad 2-llnput NAND Gate 
. 


Quad 2-lnput 
NAND Gate 
. 


Dual 4-lnput 
NAND Gate 
. 
Dual 4-lnput 
NAND Gate 
. 


Dual D Flip-Flop 
. 


8-Bit Static Shift Register 
. 
Dual 4-Bit Static Shift Register 
. 
Quad Analog 
Switch/Multiplexer 
. 
Decade Counter 
. 


Presettable 
Divide-by-N 
Counter 
. 


14-Bit Binary Counter 
. 


8-Bit Static Shift Register 
. 


Octal Counter 
. 


Triple 3-lnput 
NAND Gate 
. 


Triple 3-lnput 
NAND Gate 
. 


7-Stage 
Ripple Counter 
. 


Triple 3-lnput 
NOR Gate 
. 


Triple 3-lnput 
NOR Gate 
. 


Dual J-K Flip-Flop 
. 


BCD-to-Decimal/Binary-to-Octal 
Decoder 
. 


Presettable 
Binary/BCD 
Up/Down 
Counter 
. 


Triple Serial Adder (Positive 
Logic) 
. 


Page 
Number 


6-3 
6-6 
6-15 
6-20 
6-20 
6-21 
6-25 
6-29 
6-35 
6-35 
6-36 
6-36 
6-37 
6-41 
6-45 
6-51 
6-58 
6-63 
6-67 
6-71 
6-72 
6-77 
6-77 
6-78 
6-83 
6-83 
6-84 
6-88 
6-93 
6-99 


Device 
Number 
Me 


14034B 
14035B 
14038B 
14040B 
14042B 
14043B 
14044B 
14046B 
14049UB 
14050B 
14051B 
14052B 
14053B 
14060B 
14066B 
14067B 
14068B 
14069UB 
14070B 
14071B 
14072B 
14073B 
14075B 
14076B 
14077B 
14078B 
14081B 
14082B 
14093B 
14094B 
14097B 
14099B 
14106B 
14160B 
14161B 
14162B 
14163B 
14174B 
14175B 
14194B 
14400 
14401 
14402 
14403 
14405 
14408 


Description 


8-Bit Universal 
Bus Register 
. 


4-Bit Shift Register 
. 
Triple Serial Adder (Negative 
Logic) 
. 
12-Bit Binary Counter 
. 
Quad Transparent 
Latch 
. 


Quad NOR R-S Latch 
. 
Quad NAND R-S Latch 
. 


Phase-Locked 
Loop 
. 


Hex Inverting 
Buffer 
. 


Hex Non-Inverting 
Buffer 
. 
8-Channel 
Analog 
Multiplexer/Demultiplex~r 
. 
Dual 4-Channel 
Analog 
Multiplexer/Demultiplexer 
. 
Triple 2-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


14-Bit Binary Counter 
and Oscillator 
. 


Quad Analog 
Switch/Multiplexer 
. 
16-Channel 
Analog 
Multiplexer/Demultiplexer 
. 
8-lnput 
NAND Gate 
. 


Hex Inverter 
. 


Quad Exclusive 
OR Gate 
. 


Quad 2-lnput 
OR Gate 
. 
Dual 4-lnput 
OR Gate 
. 
Triple 3-lnput 
AND Gate 
. 


Triple 3-lnput 
OR Gate 
. 
Quad D-Type Register 
. 
Quad Exclusive 
NOR Gate 
. 


8-lnput 
NOR Gate 
. 
Quad 2-lnput 
AND Gate 
. 
Dual 4-lnput 
AND Gate 
. 
Quad 2-lnput 
NAND Schmitt 
Trigger 
. 


8-Bit Bus-Compatible 
Shift/Store 
Register 
. 


Dual 8-Channel 
Analog 
Multiplexer/Demultiplexer 
. 
8-Bit Addressable 
Latch 
. 


Hex Schmitt 
Trigger 
. 
Synchronous 
Presettable 
BCD Counter 
. 


Synchronous 
Presettable 
4-Bit Binary Counter 
. 


Synchronous 
Presettable 
BCD Counter 
. 
Synchronous 
Presettable 
4-Bit Binary Counter 
. 
Hex D Flip-Flop 
. 


Quad D Flip-Flop 
. 
4-Bit Universal 
Shift Register 
. 
PCM Mono-circuit 
. 
PCM Mono-circuit 
. 


PCM Mono-circuit 
. 
PCM Mono-circuit 
. 
PCM Mono-circuit 
. 
Binary-to-Phone 
Pulse Converter 
. 


Page 
Number 


6-104 
6-111 
6-115 
6-116 
6-120 
6-124 
6-124 
SF 
6-128 
6-128 
6-132 
6-132 
6-132 
6-139 
6-143 
6-149 
6-157 
6-158 
6-160 
6-162 
6-163 
6-164 
6-165 
6-166 
6-170 
6-171 
6-172 
6-173 
6-174 
6-178 
6-182 
6-183 
6-189 
6-193 
6-193 
6-193 
6-193 
6-202 
6-206 
6-210 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 


Device 
Number 
Me 


14409 
14410 
14411 
14412 
14413 
14414 
14415 
14416 
14417 
14418 
14419 
14422 
14430 
14433 
14435 
14442 
14443 
14444 
14447 
14457 
14458 
14460 
14461 
14462 
14464 
14465 
14466 
14467-1 
14468 
14469 
14490 
14495-1 
14497 
14499 
14500B 
14501 UB 
14502B 
14503B 
14504B 
14506B 
14506UB 
14508B 
14510B 
14511 B 
14512B 
14513B 


Description 


Binary-to-Phone 
Pulse Converter 
. 


2-of-8 Tone Encoder 
. 


Bit-Rate 
Frequency 
Generator 
. 


Universal 
Low-Speed 
Modem 
. 


PCM Sampled 
Data Filter 
. 


PCM Sampled 
Data Filter 
. 


Quad Precision 
TimerlDriver 
. 


PCM Time Slot Assigner 
Circuit 
. 


PCM Time Slot Assigner 
Circuit 
. 


PCM Time Slot Assigner 
Circuit 
. 


2-of-8 
Keypad-to-Binary 
Encoder 
. 


Remote Control 
Transmitter 
(Product 
Cancelled) 
. 


Input Address 
Encoder 
. 


3% Digit AID Converter 
. 


3% Digit AID Logic Subsystem 
(Product 
Cancelled) 
. 


Microprocessor-Compatible 
AID Converter 
. 


6-Channel 
AID Converter 
Subsystem 
. 


Microprocessor-Compatible 
AID Converter 
. 


6-Channel 
AID Converter 
Subsystem 
. 


Remote Control 
Transmitter 
. 


Remote Control 
Receiver 
. 


Automotive 
Speed Control 
Processor 
. 


Smoke 
Detector 
Circuit 
(Product 
Cancelled) 
. 


Smoke 
Detector 
Circuit 
(Product 
Cancelled) 
. 


Smoke Detector 
Circuit 
(Product 
Cancelled) 
. 


Smoke Detector 
Circuit 
(Product 
Cancelled) 
. 


Low Cost Smoke Detector 
. 


Low Cost Smoke 
Detector 
. 


Interconnectable 
Smoke 
Detector 
. 


Addressable 
Asynchronous 
Receiver/Transmitter 
. 


Hex Contact 
Bounce 
Eliminator 
. 


Hexadecimal-to-7 
Segment 
Latch/Decoder 
ROM/Driver 
. 


PCM Remote Control 
Transmitter 
. 


7-Segment 
LED Display 
Decoder/Driver 
with Serial 
Interface 
. 


Industrial 
Control 
Unit 
. 


Triple Gate 
. 


Strobed 
Hex Inverter/Buffer 
. 


Hex 3-State 
Buffer 
. 


TTL- or CMOS-to-CMOS 
Hex Level Shifter 
. 


Dual Expandable 
AOI Gate (Superseded 
by 14506UB) 
. 


Dual Expandable 
AOI Gate 
. 


Dual 4-Bit Latch 
. 


Presettable 
BCD Up/Down 
Counter 
. 


BCD-to-7 -Segment 
Latch/Decoder/Driver 
. 


8-Channel 
Data Selector 
. 


BCD-to-7-Segment 
LatchlDecoderlDriver 
with Ripple Blanking 
. 


Page 
Number 


Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
6-214 
Telecom 
Telecom 
Telecom 
Telecom 
• 


Telecom 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
6-219 


SF 
SF 
SF 
SF 
6-225 
SF 
SF 
SF 
6-232 
6-238 
6-242 
6-246 
6-250 


6-253 
6-258 
6-263 
SF 
6-271 
SF 


• 


Device 
Number 
Me 


14514B 
14515B 
14516B 
14517B 
14518B 
14519B 
14520B 
14521B 
14522B 
14526B 
14527B 
14528B 
14529B 
14530B 
14531B 
14532B 
14534B 
14536B 
14538B 
14539B 
14541B 
14543B 
14544B 
14547B 
14548B 
14549B 
14551B 
14553B 
14554B 
14555B 
14556B 
14557B 
14558B 
14559B 
14560B 
14561B 
14562B 
14566B 
14568B 
14569B 
14572UB 
14573 
14574 
14575 
14580B 


Description 


4-Bit Transparent 
Latch/4-to-16 
Line Decoder 
(High) 
. 
4-Bit Transparent 
Latch/4-to-16 
Line Decoder 
(Low) 
. 
Presettable 
Binary 
Up/Down 
Counter 
. 


Dual 64-Bit 
Static Shift Register 
. 
Dual BCD Up Counter 
. 
4-Bit AND/OR 
Selector 
. 
Dual Binary 
Up Counter 
; 
. 


24-Stage 
Frequency 
Divider 
. 


Programmable 
BCD Down Counter 
. 
Programmable 
4-Bit Binary Down Counter 
. 


BCD Rate Multiplier 
. 
Dual Monostable 
Multivibrator 
(Not Recommended 
for New Designs) 
Dual 4-Channel 
Analog 
Data Selector 
. 
Dual 5-lnput 
Majority 
Logic Gate 
. 
12-Bit Parity Tree 
. 
8-Bit Priority 
Encoder 
. 
5 Cascaded 
BCD Counters 
. 
Programmable 
Timer 
. 


Dual Precision 
Monostable 
Multivibrator 
. 
Dual 4-Channel 
Data Selector/Multiplexer 
. 
Programmable 
Oscillator-Timer 
. 
BCD-to-7-Segment 
LatchlDecoder/Driver 
for Liquid Crystals 
. 
BCD-to-7-Segment 
Latch/Decoder/Driver 
with Ripple Blanking 
High-Current 
BCD-to-7-Segment 
Decoder/Driver 
. 
Dual Monostable 
Multivibrator 
(Retriggerable/Resettable) 
. 
Successive 
Approximation 
Register 
. 


Quad 2-Channel 
Analog 
Multiplexer/Demultiplexer 
. 
3-Digit 
BCD Counter 
. 
2 x 2-Bit Parallel 
Binary 
Multiplier 
. 
Dual Binary to 1-of-4 Decoder 
(Active 
High Outputs) 
. 
Dual Binary to 1-of-4 Decoder 
(Active 
Low Outputs) 
. 


1-to-64 
Bit Variable 
Length Shift Register 
: 
. 
BCD-to-7-Segment 
Decoder 
. 
Successive 
Approximation 
Register 
. 
NBCD Adder 
. 


9's Complementer 
. 
128-Bit 
Static Shift Register 
. 
Industrial 
Time-Base 
Generator 
. 
Phase Comparator 
and Programmable 
Counters 
. 


Programmable 
Dual 4-Bit Binary/BCD 
Down Counter 
. 


Hex Gate 
. 
Quad Programmable 
Op Amp 
. 
Quad Programmable 
Comparator 
. 
Programmable 
Dual Op Amp/Dual 
Comparator 
. 
4 x 4 Multiport 
Register 
. 


Page 
Number 


6-275 
6-275 
6-281 
6-289 
6-293 
6-298 
6-302 
6-303 
6-309 
6-309 
6-317 
6-323 
6-329 
6-335 
6-340 
6-343 
6-349 
6-356 
6-367 
6-375 
6-379 
SF 
SF 
SF 
6-384 
SF 
6-391 
6-398 
6-404 
6-408 
6-408 
6-411 
SF 
SF 
6-415 
6-426 
6-432 
6-436 
SF 
6-442 
6-452 
SF 
SF 
SF 
6-455 


Device 
Number 
Me 


14581B 
14582B 
14583B 
14584B 
14585B 
14597B 
14598B 
14599B 
142100 
142101 
143403 
144110 
144111 
145000 
145001 
145026 
145027 
145028 
145029 
145040 
145041 
145100 
145104 
145106 
145107 
145109 
145112 
145143 
145144 


145145-1 
145146-1 
145151-1 
145152-1 
145155-1 
145156-1 
145157-1 
145158-1 
145159-1 
145402 
145406 
145409 
145411 
145412 
145413 
145414 
145415 
145418 


Description 


4-Bit Arithmetic 
Logic Unit 
. 
Look-Ahead 
Carry Block 
. 
Dual Schmitt 
Trigger 
. 
Hex Schmitt 
Trigger 
. 
4-Bit Magnitude 
Comparator 
. 
8-Bit Bus-Compatible 
Counter 
Latch 
. 


8-Bit Bus-Compatible 
Addressable 
Latch 
. 
8-Bit Addressable 
Latch 
. 


4 x 4 Crosspoint 
Switch 
. 
4 x 4 x 2 Crosspoint 
Switch 
. 
Quad Line Driver 
. 


Hex D/A Converter 
with Serial 
Interface 
. 
Quad D/A Converter 
with Serial 
Interface 
. 
48-Segment 
Multiplexed 
LCD Driver (Master) 
. 
44-Segment 
Multiplexed 
LCD Driver (Slave) 
. 
Remote Control 
Encoder 
. 


Remote Control 
Decoder 
. 


Remote Control 
Decoder 
. 
Remote Control 
Decoder 
. 


Analog-to-Digital 
Converter 
with Serial 
Interface 
. 
Analog-to-Digital 
Converter 
with Senal 
Interface 
. 


4 x 4 Cross Point Switch 
. 
PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 


PLL Frequency 
Synthesizer 
. 


PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 


PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 
PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 


PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 


4-Bit Data Bus Input PLL Frequency 
Synthesizer 
(Not Recommended 
for New Designs) 
. 
4-Bit Data Bus Input PLL Frequency 
Synthesizer 
. 
4-Bit Data Bus Input PLL Frequency 
Synthesizer 
. 


Parallel 
Input PLL Frequency 
Synthesizer 
. 


Parallel 
Input PLL Frequency 
Synthesizer 
. 


Serial 
Input PLL Frequency 
Synthesizer 
. 


Serial 
Input PLL Frequency 
Synthesizer 
. 


Serial 
Input PLL Frequency 
Synthesizer 
. 
Serial 
Input PLL Frequency 
Synthesizer 
. 
Serial Input PLL Frequency Synthesizer 
with Analog Phase Detector 
13-Bit Linear Codec 
. 
RS-232 
Interface 
. 


Pulse Dialer 
. 


Baud Rate Generator 
. 
Pulse/Tone 
Reperatory 
Dialer 
. 
Pulse/Tone 
Reperatory 
Dialer 
. 
Dual Tuneable 
Low-Pass 
Sampled 
Data Filters 
. 
Dual Tuneable 
Linear Phase Low-Pass 
Sampled 
Data Filters 
. 


Master 
Digital 
Loop Transceiver 
. 


Page 
Number 


6-460 
6-465 
6-469 
6-475 
6-478 
6-482 
6-482 
6-488 
Telecom 
Telecom 
Telecom 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
Telecom 
SF 
SF 
SF 
SF 
SF 
SF 


SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
SF 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 


Device 
Number 
Me 


145419 
145421 
145422 
145425 
145426 
145428 
145429 
145432 
145433 
145439 
145440 
145441 
145445 
145450 
145453 
146805 
146818 
146823 
1468705 


Description 


Slave Digital 
Loop Transceiver 
. 
160 kbps ISDN Universal 
Digital Loop Transceiver 
. 
MDPSK Universal 
Digital 
Loop Transceiver 
(2-Wire 
Master) 
. 
160 kbps ISDN Universal 
Digital 
Loop Transceiver 
. 


MDPSK Universal 
Digital 
Loop Transceiver 
(2-Wire 
Slave) 
. 
Data Set Interface 
. 


Telset Audio 
Interface 
Circuit 
. 


2600 Hz Tone Signalling 
Filter 
. 
Tuneable 
Notch/Band-Pass 
Filter 
. 


Transcoder 
. 


Low-Speed 
Modem Filter 
. 
Low-Speed 
Modem Filter 
. 
300 Baud FSK Modem 
. 
1200 Baud FSK Modem 
. 
33-Segment 
LCD Driver with Serial 
Interface 
. 
Family of 8-Bit CMOS MCUs/MPUs 
. 


Real-Time 
Clock/RAM 
. 


Parallel 
Interface 
. 


8-Bit CMOS MCUs with EPROM 
. 


Page 


Number 


Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 
Telecom 


SF 


MCU,MPU 
MCU,MPU 
MCU,MPU 
MCU,MPU 


Product Selection Guide 
Equivalent Gate Count II 


• 


NAND Gates 


MC14011B 
MC14011UB 
MC14093B 
MC14023B 
MC14023UB 
MC14012B 
MC14012UB 
MC14068B 


NOR Gates 


MC14001B 
MC14001 UB 
MC14025B 
MC14025UB 
MC14000UB 
MC14002B 
MC14002UB 
MC14078B 


AND Gates 


MC14081 B 
MC14073B 
MC14082B 


OR Gates 


MC14071 B 
MC14075B 
MC14072B 


CMOS Selection Guide by Function 


Quad 2-lnput 
NAND Gate 
. 
Quad 2-lnput 
NAND Gate 
. 
Quad 2-lnput 
NAND Schmitt 
Trigger 
. 
Triple 3-lnput 
NAND Gate 
. 


Triple 3-lnput 
NAND Gate 
. 


Dual 4-lnput 
NAND Gate 
. 


Dual 4-lnput 
NAND Gate 
. 


8-lnput 
NAND Gate 
. 


Quad 2-lnput 
NOR Gate 
. 


Quad 2-lnput 
NOR Gate 
. 


Triple 3-lnput 
NOR Gate 
. 


Triple 3-lnput 
NOR Gate 
. 


Dual 3-lnput 
NOR Gate plus Inverter 
. 
Dual 4-lnput 
NOR Gate 
. 
Dual 4-lnput 
NOR Gate 
. 


8-lnput 
NOR Gate 
. 


Quad 2-lnput 
AND Gate 
. 
Triple 3-lnput 
AND Gate 
. 


Dual 4-lnput 
AND Gate 
. 


Quad 2-lnput 
OR Gate 
. 


Triple 3-lnput 
OR Gate 
. 


Dual 4-lnput 
OR Gate 
. 


6-35 
6-35 
6-174 
6-77 
6-77 
6-36 
6-36 
6-157 


6-6 
6-15 
6-83 
6-83 
6-3 
6-20 
6-20 
6-171 


6-.172 
6-164 
6-173 


6-162 
6-165 
6-163 


Complex Gates 


MC14070B 
Quad Exclusive 
OR Gate 
6-160 
MC14077B 
Quad Exclusive 
NOR Gate 
6-170 
MC14501 UB 
Triple Gate 
6-238 
(Dual 
4-lnput 
NAND 
Gate 
and 2-lnput 
NOR/OR 
Gate 
or 8-lnput 
AND/NAND 
Gate) 
MC14506B 
Dual Expandable 
AND-OR-INVERT 
Gate (superseded 
by 14506B) 
MC14519B 
4-Bit AND/OR 
Selector 
6-298 
(Quad 2-Channel 
Data Selector 
or Quad Exclusive 
NOR Gate) 
MC14530B 
Dual 5-lnput 
Majority 
Logic Gate 
6-335 
MC14572UB 
Hex Gate 
6-452 
(Quad Inverter 
plus 2-lnput 
NOR Gate plus 2-lnput 
NAND Gate) 


Inverters/Buffers/Level 
Translator 


MC14oo7UB 
Dual Complementary 
Pair plus Inverter 
. 


MC14049UB 
Hex Inverting 
Buffer 
. 


MC14050B' 
Hex Noninverting 
Buffer 
. 


MC14069UB 
Hex Inverter 
. 


MC14502B 
Strobed 
Hex Inverter/Buffer 
. 


MC14503B 
Hex 3-State 
Buffer 
. 


MC14504B 
TTL or CMOS to CMOS Hex Level Shifter 
. 


MC14584B 
Hex Schmitt 
Trigger 
. 


Decoders/Encoders 


MC14028B 
BCD-to-Decimal/Binary-to-Octal 
Decoder 
. 


MC14514B 
4-Bit Latch/4-to-16 
Line Decoder 
(High) 
. 


MC14515B 
4-Bit Latch/4-to-16 
Line Decoder 
(Low) 
. 


MC14532B 
8-Bit Priority 
Encoder 
. 


MC14555B 
Dual Binary to 1-of-4 
DecoderlDemultiplexer 
. 


MC14556B 
Dual Binary 
to 1-of-4 DecoderlDemultiplexer 
(Inverting) 
. 


MuItiplexers/Dem uItiplexers/Bi lateral Switches 


MC14016B 
Quad Analog 
Switch/Quad 
Multiplexer 
. 


MC14066B 
Quad Analog 
Switch/Quad 
Multiplexer 
. 


MC14053B 
Triple 2-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


MC14052B 
Dual 4-Channel 
Analog 
Multiplexer/Demultiplexer 
, 
. 


MC14529B 
Dual 4-Channel 
Analog 
Data Selector 
. 


MC14539B 
Dual 4-Channel 
Data Selector/Multiplexer 
. 


MC14051 B 
8-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


MC 14512B 
8-Channel 
Data Selector 
. 


MC14097B 
Dual 8-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


MC14067B 
16-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


MC14519B 
4-Bit AND/OR 
Selector 
. 


MC14551 B 
Quad 2-Channel 
Analog 
Multiplexer/Demultiplexer 
. 


Schmitt Triggers 


MC14093B 
Quad 2-lnput 
NAND Schmitt 
Trigger 
. 


MC14583B 
Dual Schmitt 
Trigger 
. 


MC14106B 
Hex Schmitt 
Trigger 
. 


MC14584B 
Hex Schmitt 
Trigger 
. 


Flip-Flops/Latches 


MC14013B 
Dual Type D Flip-Flop 
. 


MC14027B 
Dual J-K Flip-Flop 
. 


MC14042B 
Quad Transparent 
Latch 
. 


MC14043B 
Quad NOR R-S Latch 
. 


MC14044B 
Quad NAND R-S Latch 
. 


MC14076B 
Quad D-Type Register 
. 


MC14175B 
Quad Type D Flip-Flop 
. 


6-25 
6-128 
6-128 
6-158 
6-242 
6-246 
6-250 
6-475 


6-88 
6-275 
6-275 
6-343 
6-408 
6-408 


6-5 
6-143 
6-132 
6-132 
6-329 
6-375 
6-132 
6-271 
6-182 
6-149 
6-298 
6-391 


6-174 
6-469 
6-189 
6-475 


6-37 
6-84 
6-120 
6-124 
6-124 
6-166 
6-206 


• 


• 


MC14508B 
MC14174B 
MC14099B 
MC14597B 
MC14598B 
MC14599B 


Dual 4-Bit Latch 
. 


Hex Type D Flip-Flop 
. 
8-Bit Addressable 
Latch 
. 


8-Bit Bus-Compatible 
3-State 
Latches-Internal 
Counter 
. 


8-Bit Bus-Compatible 
3-State 
Latches-Binary 
Address 
. 


8-Bit Addressable 
Latch with Bidirectional 
Port 
. 


Shift Registers 


MC14035B 
4-Bit Parallel-In/Parallel-Out 
Shift 
Register 
. 


MC14194B 
4-Bit Bidirectional 
Universal 
Shift 
Register 
. 


MC14015B 
Dual 4-Bit Static Shift 
Register 
. 


MC14014B 
8-Bit Static 
Shift 
Register 
. 


MC14021 B 
8-Bit Static 
Shift 
Register 
. 


MC14034B 
8-Bit 
Universal 
Bus Register 
. 


MC14094B 
8-Stage 
Shift/Store 
Register 
. 
MC14006B 
18-Bit Static 
Shift 
Register 
. 
MC14557B 
1-to-64 
Bit Variable 
Length 
Shift 
Register 
. 
MC14517B 
Dual 64-Bit 
Static 
Shift 
Register 
. 


MC14562B 
128-Bit 
Static 
Shift 
Register 
. 


Counters 


MC14024B 
MC14017B 
MC14018B 
MC14160B 
MC14162B 
MC14029B 
MC14510B 
MC14522B 
MC14040B 
MC14020B 
MC14060B 
MC14022B 
MC14161B 
MC14163B 
MC14516B 
MC14526B 
MC14518B 
MC14520B 
MC14569B 
MC14553B 
MC14534B 
MC14566B 


Seven-Stage 
Ripple Counter 
. 


Decade 
Counter 
. 


Presettable 
Divide-by-N 
Counter 
. 


Presettable 
BCD Counter 
(Asynchronous 
Clear) 
. 


Presettable 
BCD Counter 
(Synchronous 
Clear) 
. 


Presettable 
Binary/BCD 
UplDown 
Counter 
. 
Presettable 
BCD Up/Down 
Counter 
. 


Programmable 
BCD Down Counter 
. 
12-Bit Binary 
Counter 
. 
14-Bit Binary 
Counter 
. 
14-Bit Binary 
Counter 
and Oscillator 
. 
Octal Counter 
. 
Presettable 
4-Bit Binary Counter 
(Asynchronous 
Clear) 
. 
Presettable 
4-Bit Binary Counter 
(Synchronous 
Clear) 
. 
Presettable 
Binary 
Up/Down 
Counter 
. 


Programmable 
4-Bit Binary 
Down Counter 
. 


Dual BCD Up Counter 
. 


Dual Binary 
Up Counter 
. 


Programmable 
Dual Binary/BCD 
Counter 
. 


Three-Digit 
BCD Counter 
. 


5 Cascaded 
BCD Counters 
. 
Industrial 
Time Base Generator 
. 


6-258 
6-202 
6-183 
6-482 
6-482 
6-488 


6-111 
6-210 
6-45 
6-41 
6-71 
6-104 
6-178 
6-20 
6-411 
6-289 
6-432 


6-78 
6-58 
6-63 
6-193 
6-193 
6-93 
6-263 
6-309 
6-116 
6-67 
6-139 
6-72 
6-193 
6-193 
6-281 
6-309 
6-293 
6-302 
6-442 
6-398 
6-349 
6-436 


Osci Ilators/Timers 


MC14060B 
14-Bit Binary 
Counter 
and Oscillator 
. 


MC14521 B 
24-Stage 
Frequency 
Divider 
. 


MC14536B 
Programmable 
Timer 
. 


MC14541 B 
Programmable 
OsciliatorlTimer 
. 


Multivibrators 


MC14528B 
MC14538B 
MC14548B 


Dual Retriggerable/Resettable 
Monostable 
Multivibrator 
. 


Dual Precision 
Retriggerable/Resettable 
Monostable 
Multivibrator 
Dual Retriggerable/Resettable 
Monostable 
Multivibrator 
. 


Adders/Com parato rs 


MC14008B 
4-Bit Full Adder 
. 


MC14032B 
Triple Serial Adder 
(Positive 
Logic) 
. 


MC14038B 
Triple Serial Adder 
(Negative 
Logic) 
. 
MC14560B 
NBCD Adder 
. 


MC14561 B 
9's Complementer 
. 


MC14582B 
Look-Ahead 
Carry 
Block 
. 


MC14585B 
4-Bit Magnitude 
Comparator 
. 


ALUIRate Multipliers 


MC14527B 
BCD Rate Multiplier 
. 


MC14554B 
2 x 2-Bit Parallel 
Binary 
Multiplier 
. 


MC14581 B 
4-Bit Arithmetic 
Logic Unit 
. 


Parity Checker 


MC14531B 
12-Bit Parity Tree 
. 


Memory 


MC14580B 


Microprocessor/Industrial 
Control 


MC14500B 
Industrial 
Control 
Unit 


Other Complex Functions 


MC14415 
Quad Precision 
Timer/Driver 
. 


MC14460 
Automotive 
Speed Control 
Processor 
. 


MC14490 
Hex Contact 
Bounce 
Eliminator 
. 


6-139 
6-303 
6-356 
6-379 


6-323 
6-367 
6-384 


6-29 
6-99 
6-115 
6-415 
6-426 
6-465 
6-478 


6-317 
6·404 
6-460 


6-214 
6-219 
6-225 


• 


• 


The following is a list of equivalent gate counts for some of Motorola's CMOS devices. In 
general for CMOS, the number of equivalent gates is equal to the total number of transistors on 
chip divided by four. This list includes only those devices with equivalent gate counts known at the 
time of this printing. 


EQUIVALENT 
GATE COUNT 
EQUIVALENT 
GATE COUNT 


MC14000UB 
MC14001B 
MC14001UB 
MC14002B 
MC14002UB 
MC14006B 
MC14007UB 
MC14008B 
MC14011B 
MC14011UB 
MC14012B 
MC14012UB 
MC14013B 
MC14016B 
MC14017B 
MC14023B 
MC14023UB 
MC14024B 
MC14025B 
MC14025UB 
MC14028B 
MC14029B 
MC14034B 
MC14035B 
MC14040B 
MC14042B 
MC14046B 
MC14049UB 
MC14050B 
MC14051B 
MC14052B 
MC14053B 
MC14066B 
MC14068B 
MC14069UB 
MC14071B 
MC14072B 
MC14073B 
MC14075B 
MC14078B 
MC14081B 
MC14082B 
MC14093B 
MC14094B 
MC14099B 
MC14161B 
MC14163B 
MC14174B 


3.5 
8 
4 
7 
4 
61.5 
1.5 
40 
8 
4 
7 
4 
16 
8 
62.5 
9 
4.5 
59 
9 
4.5 
26 
65.5 
145 
38.5 
73 
17.5 
35 
3 
6 
48.5 
48.5 
32.5 
13 
8 
3 
10 
8 
10.5 
10.5 
7.5 
10 
8 
16 
79 
70 
72.5 
72.5 
43.5 


MC14175B 
MC14410 
MC14411 
MC14412 
MC14433 
MC14469 
MC14490 
MC14503B 
MC14504B 
MC14508B 
MC14510B 
MC14511B 
MC14512B 
MC14514B 
MC14515B 
MC14516B 
MC14517B 
MC14518B 
MC14520B 
MC14522B 
MC14526B 
MC14527B 
MC14528B 
MC14532B 
MC14536B 
MC14538B 
MC14539B 
MC14541B 
MC14543B 
MC14549B 
MC14553B 
MC14555B 
MC14556B 
MC14557B 
MC14559B 
MC14568B 
MC14569B 
MC14572UB 
MC14573 
MC14574 
MC14575 
MC145106 
MC145146-1 
MC145151-1 
MC145152-1 
MC145155-1 
MC145156-1 
MC145158-1 


39.5 
245 
205 
400 
375 
378 
136.5 
17 
37.5 
42 
74 
54 
17 
59 
67 
61 
119 
43.5 
43.5 
86 
86 
46 
24 
38.5 
103 
38 
20 
93 
52 
122 
147.5 
21 
25 
232.5 
122 
137.25 
156 
4 
7 
9 
11 
220.5 
1423 
2000 
2000 
1626 
1626 
1626 


The "Better" Program 
• 


• 


Motorola's 
reliability 
and 
quality-enhanced 
program 
was developed 
to provide improved levels of quality and 
reliability for standard commercial 
products. 
The 
"BETTER" 
program 
is offered 
on 
Metal-Gate 
CMOS in dual-in-line 
ceramic and plastic packages. 


Motorola 
standard 
commercial 
integrated 
circuits 
are 
manufactured 
under 
stringent 
in-process 
controls 
and 
quality 
inspections 
combined 
with the industry's 
finest 
outgoing 
quality 
inspections. 
The 
"BETTER" 
program 
offers three levels of extra processing 
each tailored 
to 
meet different 
user needs at nominal costs. 


The program is designed to: 
• 
Eliminate Incoming 
Electrical 
Inspection 
• 
Estimate 
Need for Independent 
Test Labs and Asso- 
ciated Extra Time and Costs 
• 
Reduce Field Failures 
• 
Reduce Service Calls 
• 
Reduce Equipment 
Downtime 
• 
Reduce Board and System Rework 
• 
Reduce Infant Mortality 
• 
Save Time and Money 
• 
Increase End-Customer 
Satisfaction 


Leve' 
Level 
Level 
I 
II 
III 
100% Scr•• n 
"S" 
"D" 
"DS" 


Temp Cycle 10 Cycles - 
25"C to + 1S0·e 
X 
X 


2S"C Functional 
and Parametric 
Test 
X 
X 
X 


High 
Temperature 
Test- 
X 
X 


Burn-In 
X 
X 


2S"C Post Burn-In Functional 
and Parametric 
Test 
X 
X 


"OL· 


T•• t 
Condition 
Levell 
Ley.11l 
Lev.11II 


High Temperature 
Functional 
TA=10Q"C 
or TA Max 
0.065 
0.065 


DC Parametric 
T,,-25·C 
0.065 
0.065 
0.065 


DC Parametric 
TA 
Max 
0.39 
0.39 


External 
Visual and Mechanical 
Major/Minor 
0.065 
0.065 
0.065 


Hermelicity 
Gross/Fine 
0.15 
0.15 
0.15 


(Not 
Applicable 
to Plastic 
Packages) 


·"AQL" 
values shown are for reference 
only. "LTPO" type sampling plans that are equal to or tighter than values indicated may be used. 


Also, the guaranteed 
electrical 
and visual/mechanical 
AQL levels will be progressively 
tightened. 
Contact your nearest 
Motorola 
sales 


office for current values. 


The Standard 
Motorola 
part 
number 
with the corre- 
sponding "BEITER" 
suffix can be ordered from your lo- 
cal authorized 
Motorola 
distributor 
or Motorola 
sales 
offices. "BEITER" 
pricing will be quoted as an adder to 
standard commercial 
product price. 


MC14001B 
I 
Part 
Identification 


CP 
T 
Standard 
Package 
Suffix 


ST 


"BEITER" 


PROCESSING 
LEVEL I = SUFFIX S 
LEVEL II = SUFFIX 0 
LEVEL III = SUFFIX OS 


Band UB Series Family Data 
• 


The CMOS Devices in this volume which have a B or UB 
sullix meet the minimum values for the industry-standardized# 
family specification. These standardized values are shown in 
the Maximum Ratings and Electrical Characteristics Tables. In 
addition to a standard minimum specification for characteristics 
the B/UB devices feature: 


• 3-18 volt operational limits 


• Capable of driving two low-power TTL loads or one low- 


power Schottky TTL load over the rated temperature range 


• Direct Interface to High-Speed CMOS 


• Maximum input current of :t 1 ILA at 15 volt power supply 
over the temperature range 


• Parameters specified at 5.0,10, and 15 volt supply 


• Noise margins: B Series 
1.0 V min @ 5.0 V supply 
2.0 V min @ 10 V supply 
2.5 V min @ 15 V supply 


UB Series 
0.5 V min @ 5.0 V supply 
1.0 V min @ 10 V supply 
1.0 V min @ 15 V supply 


The industry-standardized maximum ratings are shown at the 
bottom of this page. Limits for the static characteristics are 
shown in two formats: Table 1 is in the industry format and 
Table 2 is in the equivalent Motorola format. The Motorola for- 
mat is used throughout this data book. Additional specification 
values are shown on the individual data sheets. 


Switching characteristics for the Band UB series devices are 
specified under the following conditions: 


Load Capacitance, CL, of 50 pF 
Input Voltage equal to VSS - VDD (Rail-to-Rail swing) 
Input pulse rise and fall times of 20 ns 
Propagation Delay times measured from 50% point of input 
voltage to 50% point of output voltage 
Three different supply voltages: 5, 10, and 15 V 


Exception. 
to the Band 
UB Serle. 
Family 
Specification 
There are a number of devices which have a B or UB suffix 
whose inputs and/or outputs vary somewhat from the family 
specification because of functional requirements. Some cate- 
gories of notable exceptions are: 
Devices with specialized outputs on the chip, such as NPN 
emitter-follower drivers or transmission gates, do not meet 
output specifications. 


Input Voltage 
The input voltage specification is interpreted as the worst- 


case input voltage to produce an output level of "1" or "0". 
This "1" or "0" output level is defined as a deviation from the 
supply (VDD) and ground (VSS) levels. For a 5.0 V supply, this 
deviation is 0.5 V; for a 10 V supply, 1.0 V; and for 15 V, 1.5 V. 
As an example, in a device operating at a 5.0 V supply, the 
device with the input starting at ground is guaranteed to switch 
on or before 3.5 V and not to switch up to 1.5 V. Switching and 
not switching are defined as within 0.5 V of the ideal output 
level for the example with a 5.0 V supply. The actual switching 
level referred to the input is between 1.5 V and 3.5 V. 


Nol.e 
M.rgln 
The values for input voltages and the defined output devi- 


ations lead to the calculated noise margins. Noise margin is 
defined as the difference between VIL or VIH and Vout (output 
deviation). As an example, for a noninverting buffer at VDD = 
5.0 volts: VIL = 1.5 volts and Vout = 0.5 volts. Therefore, 
Noise Margin equals VIL - Vout = 1.0 volt. This figure is use- 
ful while cascading stages (See Figure 1). With the input to the 
first stage at a worst-case voltage level (VIL = 1.5 V), the out- 
put is guaranteed to be no greater than 0.5 volts with a 5.0 volt 
supply. Since the maximum allowable logic 0 for the second 
stage is 1.5 volts, this 0.5 volt output provides a 1.0 volt margin 
for noise to the next stage. 


Output 
Drive Current 
Devices in the B Series are capable of sinking a minimum of 


0.36 mA over the temperature range with a 5.0 V supply. This 
value guarantees that these CMOS devices will drive one low- 
power Schottky TTL input. 


B Serle. 
v. 
UB CMOS 
The primary difference between B series and UB series de- 


vices is that UB series gates and inverters are constructed with 
a single inverting stage between input and output. The de- 
creased gain caused by using a single stage results in less 
noise immunity and a transfer characteristic that is less ideal. 


The decreased gain is quite useful when CMOS Gates and 
inverters are used in a "Linear" mode to form oscillators, 
monostables, or amplifiers. The decreased gain results in in- 
creased stability and a "cleaner" output waveform. In addition 
to linear operation, the UB gates and inverters offer an in- 
crease in speed, since only a single stage is involved. 


The Band UB series, and devices with no suffix can be used 
interchangeably in digital circuits that interface to other CMOS 
devices, such as High-Speed CMOS Logic. 


• ymbol I 
Paramet.r 
Valu. 
Unit 


Voo 
loc 
Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to Voo 
+ 0.5 
V 


lin· lout 
Input or Output Current (DC or Transient), per Pin 
:tl0 
mA 


Po 
Power Dissipation. 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
·C 


TL 
lead 
Temperature (8-Second Soldering) 
260 
·C 


-Maximum Ratings afe those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: -12mWrC from 65°C to 85°C 
Ceramic "L" Package: 
- 12mWrc 
from 100°C to 125°C 


LIMITS 
TEMP 
VDD 
TLClW" 
+ aGe 
THIGH" 
UNIT' 
PARAMETER 
CONDITIONS 
RANGE 
IV.) 
Min 
Mo. 
Min 
Mo. 
Mln 
Mo. 


100 
Quincent 
Mil 
"Adc 
Device 
Current 
6 
0.26 
0.26 
7.6 
10 
Vln - VSS or VOO 
0.6 
0.6 
16 
16 
1.0 
1.0 
30 


GATES 


Comm 
6 
All v.lid input 
1.0 
1.0 
7.6 
"Ad<: 


10 
combinations 
2.0 
2.0 
16 
16 
~.O 
~.o 
30 


Mil 
6 
1.0 
1.0 
30 
"Ad<: 


10 
VIN' 
VSS or VOO 
2.0 
2.0 
60 
16 
4.0 
4.0 
120 


BUFFERS, 
Comm 
6 
All valid input 
4 
4.0 
30 
"Adc 
FLIP-FLOPS 
10 
combinltions 
B 
B.O 
60 
16 
16 
16.0 
120 


Mil 
6 
6 
6 
160 
"Ad<: 
10 
VIN' 
VSS or VOO 
10 
10 
300 
16 
20 
20 
600 


MSI 
Comm 
6 
All 1I.lid input 
20 
20 
160 
"Ad<: 
10 
combination. 
40 
40 
300 
16 
80 
80 
600 


VOL 
Low-Level 
All 
6 
0.06 
0.06 
0.05 
Vde 


Output 
Voh.ge 
10 
VIN' 
VSS or VOO 
0.06 
0.06 
0.05 
16 
1/01< 
I"A 
0.06 
0.06 
0.06 


VOH 
High-LIMII 
All 
6 
4.96 
4.96 
4.96 
Vde 
Output 
Volt. 
10 
VIN' 
VSS or VOO 
9.96 
9.96 
9.96 
16 
1101< I"A 
14.96 
14.96 
14.96 


VIL 
Input 
All 
6 
Vo " 0.6V or 4.6V 
1.6 
1.6 
1.6 
Vdc 
lowVolt.~# 
10 
Vo - 1.0V or 9.0V 
3.0 
3.0 
3.0 
BTy_ 
16 
Vo - 1.6V or 13.6V 
4.0 
4.0 
4.0 


1101< 
I"A 


VIL 
Input 
All 
6 
VO" 
0.6V or 4.6V 
10 
1.0 
1.0 
Vde 
lowVoltege. 
10 
Vo 
• 1.0V or 9.0V 
2.0 
2.0 
2.0 
UB TypOS 
16 
Vo " 1.6V or 13.6V 
2.5 
2.6 
2.6 


ilOI < l"A 


VIH 
Input 
All 
6 
Vo • 0.6V or 4.6V 
3.6 
3.6 
3.6 
Vde 
High Volt.- 
10 
Vo " 1.0V or 9.0V 
7.0 
7.0 
7.0 
B Type. 
16 
VO' 
1.6V or 13.6V 
11.0 
11.0 
11.0 


IInl < I"A 


VIH 
Input 
All 
6 
VO' 
0.6V or 4.6V 
4.0 
4.0 
4.0 
Vde 
High Voltage # 
10 
Vo • 1.0V or 9.0V 
8.0 
8.0 
B.O 
UB Ty;>1t 
16 
VO" 
1.6V or 13.6V 
12.6 
12.6 
12.6 


1101< 
I"A 


10L 
Output 
Low 
Mil 
Vo - 0.4V, 
mAd<: 
(Sink) Current 
6 
VIN -00r6V 
0.64 
0.61 
0.38 
VO" 
0.6V, 
10 
VIN" 
0 or 10V 
1.6 
1.3 
0.9 
Vo - 1.6V. 
16 
VIN"00rI6V 
4.2 
3.4 
2.4 


Com 
VO" 
0.4V, 
mAde 
6 
VIN"00r6V 
0.62 
0.44 
0.38 
VO' 
0.6V. 
10 
VIN" 
Oor 
10V 
1.3 
1.1 
0.9 
VO' 
1.6V. 


16 
VIN-OorI6V 
3.B 
3.0 
2.4 


• 


• 


LIMITS 
TEMP 
Voo 
CONDITlDNS 
TL()W' 
.2!5"c 
THIGH' 
UNITS 
PARAMETER 
RANGE 
CVcIe) 
Mo. 
Mln 
Mo. 
Mi" 
Mo. 
MI" 


10H 
Output High 
Mil 
Vo - 4.6V. 
mAde 


(Source) Current 
5 
VIN-Oor5V 
-0.25 
-0.2 
-0.14 
VO' 
9.5V. 


10 
VIN' 
Oor 10V 
-0.62 
-0.5 
-0.35 
VO·13.5V. 
15 
VIN' 
0 or 15V 
-1.8 
-1.5 
-1.1 


Com 
VO' 
4.6V. 
mAde 
5 
VIN-Oor5V 
-0.2 
-0.16 
-0.12 
Vo - 9.5V. 
10 
VIN - 0 or 10V 
-0.5 
-0.4 
-0.3 
VO·13.5V 
15 
VIN-Oor15V 
-1.4 
-1.2 
-1.0 


IIN 
Input Current 
Mil 
15 
VIN' 
Oor 15V 
'0.1 
'0.1 
tl.0 
~Adc 
Comm 
15 
VIN' 
Oor 15V 
'0.3 
'0.3 
'1.0 
~Ade 


10l 
3·Stete OutPut 
Mil 
15 
VIN-Oor 
15V 
'0.4 
'0.4 
"2 
~Ade 
L•• klige Current 
Comm 
15 
VIN' 
Oor 15V 
'1.6 
'1.6 
"2 
~Ade 


CIN 
Input 
tApecitenee 
All 
- 
Any Input 
7.5 
pF 
per unit loed 


·T LOW'" -55°C 
for Military 
temper.tur. 
,.nge 
device. -40°C 
for Commercill 
temperetu,e 
rlnge 
device. 


THIGH 
= +12SoC for Military 
temperature 
fange device, +8SoC for Commercial tlmperatur. 
r.nge device. 


"Applies 
for Wont C•• 
inpUt combination •. 


Tlow· 
250C 
Thi9/1" 


Ch8rec:tlrtitic 
Symbol 
VDD 
Unit 
Vde 
Min 
MIl. 
Min 
Mo. 
Min 
Mo. 


Output 
Volt~ 
"0" 
L••••I 
VOL 
5.0 
- 
0.05 
- 
0.05 
- 
0.05 
Vde 
Vin=VODorO 
10 
- 
0.05 
.- 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0.05 
- 
0.05 
"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
- 
4.95 
- 
Vdc 
Vin" 
0 or VOO 
10 
9.95 
- 
9.95 
.. 
9.95 
- 


15 
14.95 
- 
14.95 
.. 
14.95 
- 


Input Voltage B Types 
"0" Level 
VIL 
Vdc 
(VO • 4.5 0' 0.5 Vdcl 
5.0 
- 
1.5 
- 
1.5 
- 
1.5 
(VO • 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
3.0 
- 
3.0 
(VO' 
13.50'1.5 
Vdcl 
15 
- 
4.0 
- 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vde 
(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
- 
3.5 
.. 


(VO 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
- 
7.0 
- 
(Vo· 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
- 
11.0 
.- 


Input Voltage US Types 
"0" 
Level 
VIL 
Vde 
(VO = 4.5 or 0.5 Vdel 
5.0 
- 
1.0 
- 
1.0 
- 
1.0 
(VO • 9.0 or 1.0 Vdel 
10 
- 
2.0 
- 
2.0 
- 
2.0 
(VO· 
13.5 or 1.5 Vdel 
15 
- 
2.5 
- 
2.5 
- 
2.5 
"1" 
Level 
VIH 
Vde 
(VO = 0.5 or 4.5 Vdc) 
5.0 
4.0 
- 
4.0 
- 
4.0 
.. 


(VO - 1.0 or 9.0 Vde) 
10 
8.0 
- 
8.0 
- 
8.0 
- 


(VO - 1.5 or 13.5 Vdel 
15 
12.5 
- 
12.5 
- 
12.5 
- 


Voo 
TIow· 
25"C 
T" ••• • 
Cher_iot;c 
Symbol 
Unit 
VcIc 
MIn 
M1n 
Mo_ 
Mln 
Mo_ 
Mo_ 


Output DriveCurren' (AU B Gates 
IOH 
mAde: 


(VOH - 2.5 Vde) 
Sourco 
5.0 
-3.0 
- 
-2.4 
- 
-1.7 
- 
(VOH - 4.6 Vde) 
5.0 
-0.64 
- 
-0.51 
- 
-0.36 
- 
(VOH - 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
- 
-0.9 
- 
(VOH - 13.5 Vdcl 
15 
- 4.2 
- 
-3.4 
- 
-2.4 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
.- 
0.51 
0.36 
- 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
- 
0.9 
- 
(VOL -1.5Vdc) 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Outpu. 
O,ive Cu"en. 
ICL/CP) 
B Go••• 
IOH 
mACIC 


(VOH - 2.5 Vdc) 
Sourco 
5.0 
-2.5 
- 
-2.1 
- 
-1.7 
- 
(VOH - 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
- 
-0.36 
- 
(VOH • 9.5 Vde) 
10 
-1.3 
- 
-1.1 
- 
-0.9 
- 
(VOH - 13.5 Vde) 
15 
-3.6 
- 
-3.0 
- 
. - 2.4 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
(AU 
US Gates 
IOH 
mAde 
(VOH • 2.5 Vdel 
Source 
5.0 
-1.2 
- 
-1.0 
- 
-0.7 
- 


(VOH '4.6 
Vdel 
5.0 
-0.25 
- 
-0.2 
- 
-0.14 
- 
(VOH - 9.5 Vdel 
10 
-0.62 
- 
-0.5 
- 
-0.35 
- 


(VOH' 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
0.51 
0.36 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CLlCPI 
US Gites 
IOH 
mAde 
(VOH' 
2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
- 
-0.6 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.2 
- 
-0.16 
- 
-0.12 
- 


(VOH • 9.5 Vdel 
10 
-0.5 
- 
-0.4 
- 
-0.3 
- 


(VOH· 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
- 
-1.0 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
- 
0.36 


!VOL = 0.5 Vdel 
10 
1.3 
- 
1.1 
- 
0.9 
- 
(VOL· 
1.5 Vde) 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Output 
Drive Current 
(A U Other 
Device$ 
IOH 
mAde 
(VOH • 4.6 Vdc! 
Source 
5.0 
-0.64 
- 
-0.51 
- 
-0.36 
- 
(VOH • 9.5 Vde) 
10 
-1.6 
- 
-1.3 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
- 4.2 
- 
-3.4 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
- 
0.36 
- 


(VOL· 
0.5 Vdc) 
10 
1.6 
- 
1.3 
- 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
- 
2.4 
- 


Output 
Drive Current 
(CLICPJ 
Other 
Devices 
IOH 
mACIC 
(VOH = 4.6 Vdcl 
Sourco 
5.0 
-0.52 
- 
-0.44 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
- 
-0.9 
- 
(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
- 
-2.4 
- 


(VOL· 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
- 
0.36 
- 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
- 
0.9 
- 
(VnL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
- 
2.4 
- 


Input 
Current 
tAL Devicel 
lin 
15 
'0.1 
'0.1 
.1.0 
"Adc 
Input Current 
lCL/CP 
Device) 
lin 
15 
'0.3 
'0.3 
".0 
"Ade 
Input Capacitance 
ein 
7.5 
- 
- 
pF 


(Vin' 
0) 


Gate Quiescent 
Current 
(AL Device) 
100 
5.0 
0.25 
0.25 
7.5 
,.Adc 
(Po, Pock_) 
10 
- 
0.5 
- 
0.5 
- 
15 
15 
- 
1.0 
- 
1.0 
- 
30 
(CL/CP Oovicol 
100 
5.0 
1.0 
1.0 
7.5 
10 
- 
2.0 
- 
2.0 
- 
15 
15 
- 
4.0 
- 
4.0 
- 
30 


• 


Tlow· 
25DC 
Thigh- 


Character if tic 
Symbol 
VOO 
Unit 
Vd. 
Min 
M •• 
Min 
Mo. 
Min 
Mo. 


Flip-Flop 
and Buffer QUiescent Current 
100 
5.0 
- 
1.0 
- 
1.0 
- 
30 
"AcIc 


(Per Package) 
(AL 
Device) 
10 
- 
2.0 
- 
2.0 
- 
60 


15 
- 
4.0 
- 
4.0 
- 
120 


ICL/CP 
Devicei 
100 
5.0 
- 
4.0 
- 
4.0 
- 
30 
"AcIc 
10 
- 
8.0 
- 
8.0 
- 
60 


15 
- 
16 
- 
16 
- 
120 


MSI Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
5.0 
- 
150 
"AcIc 
(Per Package) 
10 
- 
10 
- 
10 
- 
300 
15 
- 
20 
- 
20 
- 
600 


(CL/CP 
Device) 
100 
5.0 
- 
20 
- 
20 
- 
150 
~Adc 
10 
- 
40 
- 
40 
- 
300 
15 
- 
80 
- 
80 
- 
600 


LSI Quiescent Current 
100 
See Individual 
Data Sheets. 


• T1ow:: 
-5SoC 
for AL Device, -40°C 
for CL/CP 
Device. 
Thigh:: 
+12SoC for AL Device. +8SoC for CL/CP 
Device . 


CMOS Handling and Design Guidelines 
• 


® MOTOROLA 


All MOS devices have insulated gates that are subject 
to voltage breakdown'oThe gate oxide for Motorola CMOS 
devices is about BOO 
A thick and breaks down at a gate- 
source potential of about 100 volts. To guard against such 
a breakdown 
from 
static 
discharge 
or 
other 
voltage 
transients, 
the protection 
network 
shown in Figure 
1 is 
used on each input to the CMOS device. 


Static damaged 
devices 
behave 
in various 
ways, de- 
pending on the severity of the damage. The most severely 
damaged inputs are the easiest to detect because the in- 
put has been completely 
destroyed 
and is either shorted 
to VDD, shorted to VSS, or open-circuited. 
The effect is 
that the device no longer responds to signals present at 
the damaged input. Less severe cases are more difficult to 
detect because they show up as intermittent failures or as 
degraded performance. 
Another effect of static damage is 
that the inputs generally have increased leakage currents. 
Although 
the input protection 
network does provide 
a 
great deal of protection, CMOS devices are not immune to 
large static voltage discharges that can be generated dur- 
ing handling. For example, static voltages generated by a 
person walking across a waxed floor have been measured 
in the 4-15 kV range (depending on humidity, surface con- 
ditions, etc.). Therefore, 
the following precautions 
should 
be observed: 
1. Do not exceed the Maximum Ratings specified by the 
data sheet. 


2. All unused device inputs should be connected to VDD 
or VSS. 


3. All low-impedance 
equipment 
(pulse generators, 
etc.) 
should be connected 
to CMOS inputs only after the 
device 
is powered up. Similarly, 
this type of equip- 
ment should be disconnected 
before power is turned 
off. 
4. Circuit boards containing 
CMOS devices are merely 
extensions of the devices, and the same handling pre- 
cautions apply. Contacting 
edge connectors 
wired di- 
rectly to device 
inputs 
can cause 
damage. 
Plastic 
wrapping should be avoided. When external connec- 
tions to a PC board are connected 
to an input of a 
CMOS device, a resistor should be used in series with 
the input. This resistor helps limit accidental damage 
if the PC board is removed and brought into contact 
with static generating materials. The limiting factor for 
the series resistor is the added delay. This is caused 
by the time constant formed by the series resistor and 


input capacitance. 
Note that the maximum input rise 
and fall times should not be exceeded. 
In Figure 2, 
two possible networks are shown using a series resis- 
tor to reduce ESD (Electrostatic 
Discharge) 
damage. 
For convenience, 
an equation for added propagation 
delay and rise time effects due to series 
resistance 
size is given. 


5. All CMOS devices should be stored or transported 
in 
materials that are antistatic. 
CMOS devices must not 
be 
inserted 
into 
conventional 
plastic 
"snow", 


styrofoam, or plastic trays, but should be left in their 
original container until ready for use. 


6. All CMOS devices 
should be placed on a grounded 
bench surface 
and operators 
should 
ground 
them- 
selves prior to handling devices, 
since a worker can 
be statically 
charged with respect to the bench sur- 
face. Wrist straps in contact with skin are strongly rec- 
ommended. See Figure 3 for an example of a typical 
work station. 
7. Nylon or other static generating 
materials should not 
come in contact with CMOS devices. 
B. If automatic 
handlers are being used, high levels of 
static electricity 
may be generated 
by the movement 
of the device, the belts, or the boards. Reduce static 
build-up by using ionized air blowers or room humidifi- 
ers. All parts of machines 
which come 
into contact 
with the top, bottom, or sides of IC packages must be 
grounded to metal or other conductive 
material. 


9. Cold 
chambers 
using 
CO2 
for 
cooling 
should 
be 
equipped with baffles, and the CMOS devices 
must 
be contained on or in conductive 
material. 


10. When lead-straightening 
or hand-soldering 
is neces- 
sary, provide ground 
straps 
for the apparatus 
used 
and be sure that soldering ties are grounded. 
11. The following steps should be observed 
during wave 
solder operations: 
a. The solder pot and conductive conveyor system of 
the wave soldering machine must be grounded 
to 
an earth ground. 
b. The loading 
and unloading 
work benches 
should 
have conductive 
tops which 
are grounded 
to an 
earth ground. 


c. Operators 
must 
comply 
with 
precautions 
pre- 
viously explained. 
d. Completed 
assemblies 
should 
be 
placed 
in 
antistatic containers 
prior to being moved to sub- 
sequent stations. 


12. The following 
steps 
should 
be observed 
during 
board-cleaning 
operations: 


a. Vapor 
degreasers 
and 
baskets 
must 
be 
grounded to an earth ground. 


b. Brush or spray cleaning should not be used. 
c. Assemblies 
should 
be 
placed 
into 
the 
vapor 
degreaser 
immediately 
upon removal 
from 
the 
antistatic container. 
d. Cleaned 
assemblies 
should 
be 
placed 
in 
antistatic 
containers 
immediately 
after 
removal 
from the cleaning basket. 


e. High 
velocity 
air 
movement 
or 
application 
of 
solvents and coatings should be employed only 
when 
assembled 
printed 
circuit 
boards 
are 
grounded 
and a static 
eliminator 
is directed 
at 
the board. 


13. The use of static detection 
meters for production 
line surveillance 
is highly recommended. 


14. Equipment 
specifications 
should alert users to the 
presence of CMOS devices and require familiariza- 
tion with this specification 
prior to performing 
any 
kind of maintenance 
or replacement 
of devices 
or 
modules. 


15. Do not insert 
or remove 
CMOS devices 
from 
test 
sockets with power applied. Check all power supplies 
to be used for testing devices to be certain there are 
no voltage transients present. 


16. Double check test equipment setup for proper polarity 
of VDD and VSS before 
conducting 
parametric 
or 
functional testing. 
17. Do not recycle shipping rails or trays. Repeated 
use 
causes deterioration 
of their antistatic coating. 


Available by writing to: 


3M Company 
Static Control Systems 
P.O. Box 2963 
Austin, Texas 78769-2963 
Or by Calling:. 


1-800-328-1368 


CMOS 


Input 


or 


Output 


CMOS 


Input 
or 


Output 


level 
of protection. 


Disadvantage: 
At > R2 for the same level of 
Impact on Be and de 
protection, therefore rise and fall 
characteristics is minimized 


times, propagation delays, and output 
drives are severely affected. 
Disadvantage: More board area, higher initial cost 


Note: 
Th~se 
networks 
are 
useful 
for 
protecting 
the 
following 


A 
digital 
inputs 
and outputs 
C 
3-s18t8 outputs 


B 
analog inputs and outputs 
0 
bidirectional (1/0) 
ports 


PROPAGATION DELAY AND RISE TIME 
Yo. SERIES RESISTANCE 


t 
R- 
-- 


where: 
C·k 


A = the maximum allowable series resistance 
in ohms 


t 
= the maximum tolerable propagation delay or rise time in seconds 
C = the board capacitance plus the driven device's 


input capacitance in farads 


= 0.7 for propagation delay calculations 
= 2.3 lor rise time calculations 


NOTES: t. 
t /16 inch conductive sheet stock covering bench 
top work area. 


2. Ground strap. 
3. Wrist strap in contact with skin. 
4. Static neutralizer. (Ionized air blower directed at 
work.) 
Primarily 
for 
use in areas where 
direct 
grounding is impractical. 


5. Room humidifier. Primarily lor use in areas where 
the relative humidity is less than 45%. Caution: 
building heating and cooling systems usually dry 
the air causing the relative humidity inside of build- 
ings to be less than outside humidity. 


• 


against 
the 
possibility 
of latch-up 
related 
failures. 
This 
system protection 
can be provided 
by the power supply 
filter and/or voltage regulator. 


CMOS devices 
can 
be used 
with 
battery 
or battery 
backup systems. A tew precautions 
should be taken when 
designing battery-operated 
systems: 


1. The recommended 
power supply 
voltage 
should 
be 
observed. 
For battery 
backup 
systems 
such as the 
one in Figure 5. the battery voltage must be at least 
3.7 Volts (3 Volts from the 
minimum 
power supply 
voltage and 0.7 Volts to account for the voltage drop 
across the series diode). 
2. Inputs that might go above the battery backup voltage 
should either use a series resistor 
to limit the input 
current to less than 10 mA or use the MC14049UB or 
MC14050B high-to-Iow voltage translators. 
3. Outputs that are subject to voltage levels above VOO 
or below VSS should be protected with a series resis- 
tor to limit the current 
to less than 
10 mA or with 
clamping diodes. 


CMOS devices 
have low power requirements 
and the 
ability to operate over a wide range of supply voltages. 
These two characteristics 
allow CMOS designs to be im- 
plemented 
using 
inexpensive, 
conventional 
power sup- 


plies. 
instead 
of switching 
power 
supplies 
and 
power 
supplies with cooling fans. In addition. 
batteries 
may be 
used as e;ther a primary 
power source or for emergency 
backup. 
The absolute 
maximum power supply voltage for 14000 
Series 
Metal-gate 
CMOS 
is 18.0 Vdc. 
Figure 
4 offers 
some insight as to how this specification 
was derived. 
In 
the figure, Vs is the maximum power supply voltage and 
IS is the sustaining 
current 
of the latch-up 
mode. The 
value of Vs was chosen so that the secondary breakdown 
effect may be avoided. 


In an ideal system design. 
a power supply 
should 
be 
designed to deliver only enough current to insure proper 
operation of all devices. The obvious 
benefit of this type 
design 
is cost 
savings; 
an added 
benefit 
is protection 
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MC14049UB 


':" 
MC 14050B 


All inputs, while in the recommended 
operating 
range 
(VSS < Vin < VOO) can be modeled as shown in Figure 6. 
For input voltages 
in this range, diodes 
01 and 02 are 
modeled as resistors, 
representing 
the reverse 
bias im- 
pedance 
of the diodes. 
The maximum 
input current 
is 
worst case, 111-A,when the inputs are at VOO or VSS, and 
VOO = 15.0 V. This model does not apply to inputs with 
pull-up or pull-down resistors. 


When left open-circuited, 
the inputs may self-bias at or 
near the typical 
switch point, 
where 
both the P-channel 
and N-channel transistors 
are conducting, 
causing exces- 
sive current drain. Due to the high gain of the inverters 
(see Figure 7), the device may also go into oscillation from 
any noise in the system. 
Since CMOS devices dissipate 
the 
most 
power 
during 
switching, 
this 
oscillation 
can 
cause very large current drain and undesired switching. 


Single Input NAND, 
AND 
Multiple Input NOR, 
OR 
/1 
~ 
Single Input NOR, OR 
Multiple Input NAND, 
AND 
/ 
,. 


~ 


UJ 
Cl 


>" 
...J 
5.0 
0> 
•... 
'.0 
:>.. 
•... 
3.0 
:> 
~ 
2.0 
0 
> 


1.0 


2,0 
3.0 
4.0 
5.0 


Vin, 
INPUT 
VOLTAGE 
(V) 


For input voltages outside of the recommended 
operat- 
ing range, the CMOS input is modeled as in Figure 9. The 
resistor-diode 
protection 
network allows the user greater 
freedom when designing a worst case system. The device 
inputs are guaranteed to withstand 
voltages from VSS - 
0.5 V to VOO + 0.5 V and a maximum current of 10 mA. 
With the above input ratings, most designs will require no 
special terminations 
or design considerations. 


Other specifications 
that should be noted are the maxi- 
mum input rise and fall times. Figure 10 shows the oscilla- 
tions that may result from exceeding 
the 15 II-Smaximum 
rise 
and 
fall 
time 
at 
VOO 
5.0 
V, 
5 
II-S at 
10 V, or 4 II-Sat 15 V, As the voltage passes through the 
switching threshold region with a slow rise time, any noise 
that is on the input is amplified, and passed through to the 
output, causing 
oscillations, 
The oscillation 
may have a 
low enough 
frequency 
to cause 
succeeding 
stages 
to 
switch, giving unexpected results. If input rise or fall times 
are expected to exceed 15 II-s at 5.0 V, 5 II-Sat 10 V, or 4 
II-s at 
15 
V, 
Schmitt-trigger 
devices 
such 
as 
the 
MC14093B, MC14583B, MC14584B, MC14106B, HC14, or 
HC132 
are 
recommended 
for 
squaring-up 
these 
slow 
transitions. 


/ 
i".. 


/ 
" 
, 


For these 
reasons, 
all unused 
inputs 
should 
be con- 
VOL 
nected either to VOO or VSS. For applications 
with inputs 
going to edge connectors, 
a 100 kilohm resistor to VSS 
should be used, as well as a series resistor for static pro- 
tection and current limiting (Figure 8). The 100 kilohm re- 
sistor will help eliminate 
any static 
charges 
that 
might 
develop 
on the printed 
circuit 
board. 
See Figure 
2 for 
other possible protection arrangements, 


From 


Edge 


Connector 


All CMOS B-Series outputs are buffered to insure con- 
sistent 
output 
voltage 
and 
current 
performance. 
All 
buffered outputs have guaranteed 
output voltages of VOL 
= 0.05 V and VOH = VOO - 0.05 V for Vin = VOO or 
VSS and lout 
= 0 ~A. The output drives for all buffered 
CMOS devices are such that 1 LSTTL load can be driven 
across the full temperature 
range. 


CMOS outputs 
are limited 
to externally 
forced 
output 
voltages of VSS - 
0.5 V•• Vout •• VOO + 0.5 V. When 
voltages 
are forced outside 
of this range, a silicon 
con- 


trolled rectifier (SCR) formed by parasitic 
transistors 
can 
be triggered, 
causing the device to latch up. For more in- 
formation on this, see the explanation 
of CMOS Latch Up 
in this section. 


The maximum rated output current for most outputs 
is 
10 mA. The output short-circuit 
currents of these devices 
typically 
exceed these limits. Care must be taken not to 
exceed the maximum ratings found on every data sheet. 


For applications 
that 
require 
driving 
high 
capacitive 
loads 
where 
fast 
propagation 
delays 
are needed 
(e.g., 


driving 
power 
MOSFETs). 
two or more outputs 
on the 
same chip may be externally 
paralleled. 


Latch up will not be a problem for most designs, but the 
designer should be aware of it, what causes it, and how to 
prevent it. 


Figure 11 shows the cross-section 
of a typical 
CMOS 
inverter and Figure 12 shows the parasitic bipolar devices. 
The circuit formed by the parasitic transistors 
and resis- 


tors is the basic configuration 
of a silicon controlled 
recti- 
fier, or SCA. In the latch up condition, 
transistors 
01 and 
02 are turned ON, each providing the base current neces- 
sary for the other to remain in saturation, 
thereby latching 


the devices in the ON state. Unlike a conventional 
SCR, 


where the device is turned ON by applying a voltage to the 
base of the NPN transistor, the parasitic SCR is turned ON 
by applying 
a voltage 
to the emitter 
of either 
transistor. 


The two emitters that trigger the SCR are the same point, 
the CMOS output. Therefore, 
to latch up the CMOS de- 
vice, the output voltage must be greater than VOO + 0.5 
V or less than VSS - 0.5 V and have sufficient current to 
trigger the SCR. The latch-up mechanism is similar for the 
inputs. 


Once a CMOS device is latched up, if the supply current 
is not limited, the device will be destroyed. 
Ways to pre- 
vent such occurrences 
are listed below: 


1. Insure that inputs and outputs are limited to the maxi- 


mum rated values, as follows: 
- 0.5 V •• Vin or Vout •• VDO + 0.5 V (referenced 
to 
VSS) 
i1in or loutl •• 10 mA (unless otherwise 
indicated 
on 
the data sheet) 
2. If voltage 
transients 
of sufficient 
energy 
to latch up 
the device are expected on the inputs or outputs, 
ex- 
ternal 
protection 
diodes 
can be used to clamp 
the 
voltage. Another method of protection 
is to use a se- 
ries resistor to limit the expected worst case current to 
the maximum rating of 10 mA. (See Figure 2). 


3. Sequence 
power supplies 
so that the inputs or out- 


puts of CMOS devices are not active before the sup- 
ply 
pins 
are 
powered 
up 
(e.g., 
recessed 
edge 
connectors 
and/or 
series 
resistors 
may be used 
in 
plug-in board applications). 


4. Voltage regulating or filtering should be used in board 
design and layout to insure that power-supply 
lines 
are free of excessive noise. 


5. Limit the available 
power supply 
current 
to the de- 


vices that are subject to latch-up conditions. 
This can 
be accomplished 
with the power supply 
filtering 
net- 
work or with a current-limiting 
regulator. 


Data Sheets 
• 


• 


® MOTOROLA 


The MC14000UB dual 3-input 
NOR gate plus inverter is con- 


structed 
with 
MOS P-channel and N-channel enhancement mode 


devices in a single monolithic 
structure. Thesecomplementary MOS 
logic gates find 
primary 
use where low power dissipation and/or 
high noise immunity 
is desired. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Logic Swing Independent of Fanout 


• 
Pin·for·Pin Replacement for CD4000UB 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-OSto+180 
V 


Vm· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-05 
to VOO +0_5 
V 


Iln· lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per Pin 
=10 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


T stn 
Storage 
Temperature 
-65 
to 
+150 
·C 


TL 
Lead Temperature (8-Second Soldering) 
260 
·C 


"Maximum 
Ratings 
are 
those 
values 
beyo:ld 
which 
damage 
to the 
de\ilCe 
may 
occur 
tTemperature 
Derating 
Plastic ..p" Package 
-, 
2mWrC 
from 65"C to 8S'"C 


CeramiC 
"L" 
Package 
- 
12mW'''C 
from 
lQD"e 
10 125°C 


~- 


7 
6 


DUAl3-INPUT 
"NOR" 
GATE 
PLUS INVERTER 


L SUFFIX 


ce 
RAMIC 
PACKAGe 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series 
- 40"C 
to 
+ 8S"C 


Me 14XXXUBCP 
(Plastic 
Package) 


MC 14XXXUBCl 
(Ceramic 
Package) 


LOGIC 
DIAGRAM 
:~6 


"~ 
12 
10 


13 


8~9 


VOO" 
Pin 
14 
• 


VSS" 
Pin 
7 


PIN ASSIGNMENT 


,. 


2 
13 


3 
12 


4 
11 


5 
10 
6 
9 


7 
8 


NC 
~ 
NO CONNECTION 


• 


Voo 
Tlow . 
25°C 
Th ••••• 


CharacteristiC 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ" 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
50 
- 
0.05 
a 
005 
0.05 
Vdc 


Vin = VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
005 
- 
0 
005 
- 
0.05 


"1" 
Level 
VOH 
50 
495 
- 
495 
50 
- 
495 
- 
Vdc 


Vin 
= 0 or VOO 
10 
995 
- 
995 
10 
- 
995 
- 


15 
1495 
- 
1495 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 


IVO • 4.5 Vdcl 
,0 
- 
1.0 
- 
] 25 
1.0 
- 
1.0 


(VO • 9.0 Vdc) 
10 
- 
2.0 
- 
450 
20 
- 
20 


(VO"35Vdcl 
15 
- 
2.5 
- 
6 1'5 
2,5 
- 
2.5 


"1" 
l"vel 
V,H 
(VO • 0.5 Vdcl 
50 
4.0 
- 
4.U 
2 75 
-- 
4.0 
- 
Vdc 


(VO - 1.0 Vdcl 
10 
8.0 
- 
80 
550 
- 
8.0 
- 
(VO • 1.5 Vdcl 
15 
12.5 
- 
12.5 
925 
- 
12.5 
- 


Output 
OflVl'! C.,Hrenf IAL 
Oe"l'Icel 
'OH 
mAde 


IVOH 
= '} 5 VOcl 
Source 
50 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH 
= 4.6 
Vdcl 
50 
-0.25 
- 
-0.2 
·0.36 
- 
-0.14 
- 
(VOH ~ 9 5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 
Vdcl 
I, 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOL ~ 0 4 Vdc1 
SInk 
'OL 
50 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL ~ 0 5 Vdcl 
10 
16 
- 
1.3 
2.25 
- 
09 
- 
1VOL ~ 1 5 Vdcl 
15 
42 
- 
3.4 
8.8 
- 
24 
- 


OUIPut 
Dove Current 
ICL,'CP 
DeVice) 
'OH 
mAde 


1VOH 
= 2 5 Vdcl 
S-oulce 
50 
-10 
- 
·0.8 
-1.7 
- 
-0.6 
- 


1VOH ~ 4 6 Vdcl 
50 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9 5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


IVOH~ 
135Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


IVOL - 04 Vdrl 
Sink 
'OL 
50 
052 
- 
0.44 
088 
- 
0.36 
- 
mAde 


IVOL 
= 0 5 Vdcl 
10 
1.3 
- 
1.1 
225 
- 
09 
- 


IVOL 
= 1 5 Vdcl 
15 
36 
- 
3.0 
88 
- 
24 
- 


Input 
Current 
IAL Oevl(.:el 
I,n 
15 
"'0.1 
'" 0.00001 
"'0.1 
- 
±1.0 
~Adc,; 


Input 
Current 
tellep 
DeVice) 
I,n 
15 
- 
"'0.3 
"'0.00001 
"'0.3 
- 
'" 1.0 
J,JAdc 


10J-wl Capacitance 
Con 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin - 
0) 


O~lIescent 
CUllenf 
IAL 
Devlcel 
'DO 
,0 
- 
0.25 
- 
00005 
025 
- 
7.5 
MAde 


IPfOl Pild,a~1 
10 
- 
0.50 
- 
00010 
osa 
- 
15.0 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
JOO 


QUIPscen, 
Curre,,' 
ICI.ICP 
De,lce) 
100 
50 
1.0 
- 
00005 
1.0 
- 
7.5 
~Adc 
rPel PoJckaqel 
10 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
4.0 
- 
0.0015 
40 
- 
JOO 


Tulal 
SUpply 
CU(l~nt··' 
IT 
50 
IT • 103 ~AlkHll 
f + IODIN 
~Allt. 


IOy,..am,c 
plus 
QUlesc.ent. 
10 
IT " 106 ~A:kHll 
f + IODIN 
Po, G.,o. CL • sa oFI 
15 
'T· 
10.8~AlkH(1 
f + IODIN 
----- 


where 
IT is in f.l.A (per package). 
CL in pF. V "" (VOO - VSS) in ••..otts. 


f in kHz is input 
frequency. 
and k = 0.001 
x lhe number 
01 exercised 


gales 
per package 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated voltages 
to this 
high-imped- 
ance circuit. 
For proper operation, 
Vin and Vout should 
be constrained 
to the range VSS 
:G (Vin or Vout) 
:.; VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO)' Unused outputs 
must be 
left open. 


- 


Voo 
Ch.rK1.vi.tic 
Symbol 
Vdc 
Min 
Typ" 
Mox 
Unit 
- 
Output 
Rise Time 
tTLH 
ns 
tTLH' 
(3.0 nslpF I CL + 30 ns 
5.0 
- 
180 
360 
tTLH:Z 
t1.5 ns/pFI 
CL .•. 15 os 
10 
- 
90 
180 
tTLH' 
11.1 nslpF) CL + 10 ns 
15 
- 
65 
130 


Output 
Fall 
Time 
- 


tTHL 
ns 
tTHL 
= 11.5 nslpF I CL + 25 ns 
5.0 
- 
100 
200 
tTHL' 
(0.75 nslpFI CL • 12.5 ns 
10 
- 
50 
100 
tTHL' 
(0.55 nslpF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH. 
ns 
tPLH. tPHL = (1.7 nslpFI CL + 30 ns 
tPHL 
5.0 
- 
115 
230 
tPLH. tPHL • (0.66 nslpF) CL + 22 ns 
10 
- 
55 
110 
tpLH 
tPHL'" 
(0.50 ns/pF) CL .•.15 os 
15 
- 
40 
80 


FIGURE 3 - 
TYPICAL VOLTAGE 
TRANSFER 
CHARACTERISTICS '.'sus 
TEMPERATURE 


16 
Vo 
l~ Vdc 


14 
14 


'" 


17 
.. 
~ 
17 


co 
~ 
« 
10 
~ 
" 
10 
z 
:'. 


0 
~ 
0 
> 
80 
80 
~ 
80 
=> 
> 


=> 
u 
~ 
z 


=> 
60 
60 ~ 
~ 
0 
0 


40 
40 
9 
J 


40 
> 


70 
70 
70 


0 
0 
16 
0 
• 


• 


® MOTOROLA 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic structure (Comple- 
mentary 
MOS). Their 
primary 
use is where 
low 
power 
dissipation 


and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for.Pin 
Replacements for 
Corresponding CD4000 Series B 


Suffix 
Devices 


L SUFFIX 


Ct:.RAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
646 


C Series 
- 40·C 10 + 85°C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(CeramiC 
Package) 


Symbol 
P.r.met.r 
V.lu. 
Unit 


VDD 
DC Supply Voltage 
-05to+180 
V 


Vin· 
Voul 
Input 
or Output 
VOltage 
(DC 
or TranSIent) 
-0.5 
to VOD +05 
V 


1m. lout 
Input 
or Output 
Current 
(DC or Translenl). 
per 
Pin 
"'0 
mA 


Po 
Power 
DISSipation, 
per 
Packaget 
500 
mW 


T sto 
Storage Temperature 
- 6510 
+ 150 
-c 


TL 
Lead Temperature (a-Second Soldenng) 
260 
·c 


"MaxImum Ratings are Ihose values beyond which damage to the deVice may occur 
tTemperalure 
Derating 
Plastic "p" Package 
- 12mWrC from 65°C to 65°C 
Ceramic "L" Package 
-12mWrC 
from lOOoe to 125°C 


This device contains 
protection 
circuitry 
to guard against damage due to 


high 
static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be 
taken to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 


voltages 
to this 
high-impedance 
circuit. 
For proper 
operation, 
Vin and 


Vout should be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level 


(e.g., either VSS or VOO). Unused outputs must be left open. 


MC14001B 
Quad 2·lnput NOR Gate 


MC14002B 
Dual 4·lnput Nor Gate 


MC14011 B 
Quad 2·lnput NAND Gate 


MC14012B 
Dual 4·lnput NAND Gate 


MC14023B 
Triple a·lnput NAND Gate 


MC14025B 
Triple a·lnput NOR Gate 


MC14068B 
a·lnput NAND Gate 


MC14071B 
Quad 2·lnput OR Gate 


MC14072B 
Dual 4·lnput OR Gate 


MC14073B 
Triple 3·lnput AND Gate 


MC14075B 
Triple a·lnput OR Gate 


MC14078B 
a·lnput NOR Gate 


MC14081B 
Quad 2·lnput AND Gate 


MC14082B 
Dual 4·lnput AND Gate 


NOR 


MCl4001B 
Quad 2·lnput NOR Gate 


"3=0- 
12 
10 


13 


~~, 
1:~ 
'3 


11 


12 


1?'3 
10 


11 


12 


NAND 


MCl4011B 
OuMi 2·lnput NAND 
Gate 


"3=C>- 
12 
'0 
13 


~p-, 
':3Lr 13 
11 


'2 


1?-'3 
'0 
11 


12 


OR 


MCl4071B 
Ou'" 
2·lnput OR Gate 


"3L>- 
12 
10 


'3 


~p-, 
':50- 13 
11 


12 


Voo'" 
Pin 14 


VSS" 
PI" 
7 
tor All Oevicn 


AND 


MCl4OB1B 
Quad 2·lnput AND G.,. 


"30- 
12 
10 


13 


~P' 
':p 


13 


11 


'2 
II 


CMOS 
B·SERIES 
GATES 


PIN ASSIGNMENTS 


MC140018 
MC140028 
MC140118 
MC140128 
Quad 2-lnput 
NOR Gala 
Dual 4-lnput 
NOR Gala 
Quad 2-lnput 
NAND Gata 
Dual 4-lnput 
NAND Gata 


14 
14 
14 
14 


2 
13 
2 
13 
2 
13 
2 
13 


3 
12 
3 
12 
3 
12 
3 
12 


4 
11 
4 
11 
4 
11 
4 
II 


II 
10 
15 
10 
15 
10 
15 
10 


II 
II 
8 
II 
8 
II 
8 
II 


8 
8 
8 
7 
8 


MC140238 
MC140258 
MC1406S8 
MC14071B 
Tripi. 
3-lnput 
NAND Gat. 
Tripi. 
3-lnput 
NOR Gat. 
S-Input NAND Gat. 
Quad 2-lnput 
DR Gat. 


14 
14 
14 
14 


2 
13 
2 
13 
2 
13 
13 


3 
12 
3 
12 
3 
12 
3 
12 


4 
11 
4 
II 
4 
II 
4 
11 


5 
10 
15 
10 
5 
10 
5 
10 
6 
II 
6 
9 
6 
9 
6 
9 


8 
8 
8 
B 


MC140728 
MC14073B 
MC14075B 
MC1407SB 
Dual 4-lnput 
OR Gat. 
Tripi. 
3-lnput 
AND Gat. 
Tripi. 
3-lnput 
OR to.t. 
S-Input NOR Gat. 


14 
14 
14 
14 


2 
13 
13 
13 
2 
13 


3 
12 
12 
12 
3 
12 


4 
11 
4 
11 
4 
11 
4 
11 


5 
10 
5 
10 
5 
10 
5 
10 
• 


6 
9 
6 
9 
6 
9 
6 
9 


B 
8 
8 
8 


MC140S1B 
MC140S2B 
Qu.d 
2-lnput 
AND Gat. 
Dua' 4-lnput 
AND Gat. 


14 
14 


13 
2 
13 


3 
12 
3 
12 


4 
11 
4 
11 


5 
10 
5 
10 


6 
9 
6 
9 


8 
8 


Voo 
Tlow 
2SoC 
Th, 
h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ ••• 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
50 
0.05 
a 
005 
0.05 
Vdc 


Vin = VOO or 0 
10 
005 
a 
005 
005 
15 
005 
a 
005 
005 


.",. 
Level 
VOH 
50 
495 
495 
50 
495 
Vdc 


Vin = 0 or VOO 
10 
995 
.- 
995 
10 
995 
15 
1495 
1495 
15 
14.95 


Input Voltage 
"0" 
Level 
V,L 
Vdc 


(VO = 4.5 or 0.5 
Vdcl 
50 
15 
2.25 
15 
- 
15 


(VO = 9.0 or '0 
Vdcl 
10 
3 a 
4.50 
30 
- 
30 


(VO = 
, 3.5 or'.5 
Vdcl 
15 
40 
675 
40 
40 


'1" 
Level 
V,H 


(VO = 0.5 
or 4.5 Vdcl 
50 
35 
35 
2 75 
35 
-- 
Vdc 
(VO = 
1.0 or 9.0 Vdcl 
10 
7 a 
70 
550 
- 
70 
- 


(VO = 
'.5 
or 13.5 Vdcl 
15 
110 
.- 
110 
B 25 
- 
11.0 
- 


Output Drive Current lAL Devicel 
'OH 
mAde 


(VOH = 
25 
Vdcl 
Source 
50 
30 
2.4 
-4.2 
- 
- I 7 
- 


(VOH = 4.6 Vdcl 
50 
0.64 
-0.5' 
-088 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-16 
13 
-225 
-·09 
- 


IVOH = 
13 5 Vdcl 
15 
- 4.2 
- 34 
-B8 
- 
·24 
- 


(VOL = 0.4 
Vdcl 
SInk 
'OL 
50 
064 
051 
088 
- 
036 
- 
mAde 


(VOL = 05 
Vdcl 
10 
16 
13 
225 
- 
09 
- 


1VOL = 
15 
Vdcl 
15 
42 
34 
BB 
-- 
2.4 


Output 
Drive 
Current 
(ClICP 
De',/Ice) 
'OH 
mAde 


(VOH ~ 2.5 Vdcl 
~ource 
50 
25 
-2 , 
4.2 
'7 


1VOH = 
46 
Vdcl 
50 
052 
-044 
-OB8 
-0 36 


IVOH = 9.5Vdcl 
10 
'3 
-, , 
-225 
-09 


(VOH = 
13.5Vdcl 
15 
36 
-3.0 
B8 
24 


(VOL = 0.4 
Vdcl 
Sink 
'OL 
50 
052 
044 
a B8 
036 
mAde 


(VOL ~ 0.5 
Vdcl 
10 
1 3 
I I 
225 
09 


(V,.II = 
1.5 Vdcl 
15 
)' 6 
)0 
BB 
24 


Inpul 
Current 
lAL 
DeVice) 
I,n 
15 
• 01 
,000001 
'01 
- 
! 1 0 
~Adc 


Inpu! 
CUllenl 
teuep 
Op,o/Icel 
I,n 
15 
'0) 
'000001 
' 0 ) 
• 10 
/.lAde 


Input 
Cd~)dCI1(lnce 
C,n 
- 
50 
7.5 
pF 


(V,n 
: 01 


QUlescenl 
CUI/en! 
(AL 
D~v,cel 
'00 
50 
025 
00005 
025 
75 
",Adc 


(pp, 
P,u.:kaflel 
10 
050 
0.00'0 
050 
15.0 
15 
100 
000'5 
100 
300 


O\lI{'~Lent 
CUllenl 
lei I(P Oev••.:~l 
'00 
50 
1.0 
00005 
10 
75 
",Ade 


IPr., 
P.lCk;lqel 
10 
20 
0.0010 
20 
'5.0 
15 
40 
0.0015 
40 
300 


ToTJI Su~ply 
CUllen," 
T 
IT 
50 
IT 
= (03 
IJA/kHzl 
f + IOO/N 
J,JAde 


IOynam'l" 
plus 
QUlesLenl. 
10 
'T" 
(06 
IJAJkHzl 
f + 'ODIN 
Per Gate, 
CL 
"" 50 
pF) 
15 
IT 
"" 10.9 
jJA/kHl) 
f + IODIN 


where 
IT is in I-lA (per packagel, 
CL In pF. V = 
(V DO - VSS) In vOlts 


f In kHz 
,s input frequency, 
and k = 0001 
)<, 
the number 
01 exerCised 


gales 
per package 
II 


• 


Voo 
Ch••rKteflstie 
Symbol 
Vdc 
Min 
Typ# 
M•• 
Unit 


Output Rise Time, All a-Series Gates 
'TLH 
ns 
tTLH 
' 11.35 ns/pF) CL • 33 ns 
5.0 
- 
'00 
200 
tTLH 
'. 10.60 ns/pF I CL • 20 ns 
'0 
- 
50 
100 
'TLH 
: 10.40 ns/pFI CL • 20 ns 
'5 
.. 
40 
80 


Output Fall Time, All a-Series Gates 
'THL 
ns 
'THL 
~ t 1 35 ns/pFI CL • 33 ns 
5.0 
100 
200 
tTHL 
" 10.60 ns/pF) CL • 20 ns 
10 
,. 
50 
100 
'THL 
: 10.40 ns/pF I CL • 20 ns 
15 
,. 
40 
80 


Propagation 
Delay Time 
'PLH.'PHL 
ns 
MCI40018. 
MCI40118 
only 
'pLH. 
'PHL 
= 10.90 ns/pFI CL • 80 ns 
5.0 
. 
125 
250 
tpLH. 
'PHL' 
10.36 ns/pF) CL • 32 ns 
'0 
- 
50 
100 
'PLH. 
'PHL' 
10.26 ns/pFI CL • 27 ns 
15 
- 
40 
80 


All Other 2. 3. and 4 Input Gates 
'pLH. 
'pHL 
= 10.90 ns/pFI CL. 
115 ns 
5.0 
_. 
160 
300 
'pLH. 
tpHL 
= 10.36 ns/pF) CL .47 
ns 
'0 
- 
65 
130 
'PLH. 'pHL' 
10.~6 ns/pFI CL • 37 ns 
'5 
- 
50 
100 


8·lnpul 
Gates IMC'40688. 
MCI407881 
'pLH. 
'PHL • 10.90 ns/pFI CL .'55 
ns 
50 
- 
200 
350 
'PLH. 'PHL 
= 10.36 ns/pFI CL • 62 ns 
10 
.. 
80 
150 
'pLH. 
'pHL 
• 10.26 ns/pFI CL • 47 ns 
'5 
- 
60 
110 


·AlI 
unuiWtd inputs 
of AND. 
NAND 
gales 
must 
be 
connected 
to VOD. 


All unused inputs of OR, 
NOR gates must be 
connected 
to VSS 


MC14001B 
MC14071B 
One of Four 
GatnShown 


MC14002B 
MC14072B 
One of Two 
Gates Shown 
3'9~d, 


V, L=!1;JJ 


~ 


MC14025B 
MC14075B 


One of 
Three 
Gates Shown 


Voo 
:d 


8.5.,34 
=1vss 


Same 
as 
5 
.bov. 


9<>- 
Same a, 
10 
above 


11 
Same 
as 


12 
above 


MC14078B 
Eight Input 
Gate 
• 


MCl40238 
MC140738 
One of Thr•• 
Gat. 
Shown 


MC140128 
MC14OB28 
One of Two 
Gat. 
Shown 


MCl40688 
Eight 
Input 
Gate 


\0 


4.0 


:<~~ 
z 
30 
~~ 
Bz 
2.0 
~ 
9 


1.0 


20 


18 


16 


:< 
14 
~~ 
z 
12 
~~ 
10 
=> 
uz 
80 
~ 60 
9 4.0 


1.0 


\0 


4\ 


40 
:<~ 
3\ 
~I 


30 


2\ 
z 
20 
~ 
1\ 
9 
10 


1.0 


~. 
- 


'---f-- 


TA' -\\·C 


.// 
-40'C 
hV 


+85"C ~25°C 


/// .~ .- 
+ 12soe 


J.'/# 


- 
-- 
h" 


I 
~TAX\] 
i 


........-r: 
.o·c 


/-. 
I 
·wf- 


~ 
/, 
"85 C 


/ 
....-::::: 


+125'C 
h //' 


~ 


'/// 
~ ~ 
I' 
I 


10 
20 
3 0 
40 
\ 0 
60 
, 0 
8.0 
90 
10 


Vos. 
DRAIN 
TO·SOURce 
VOLTAGE 
(Vdtl 


TA" 
5\"C 


~ 


...•O·C 


j/ /' 
+25°C 
+8 ·c 
'/. y 
.125·C 
/, :0'" 
D" 
2.0 
4.0 
6.0 
1.0 
10 
12 
14 
16 


Vos, 
ORAIN·TO,SOURCE 
VOLTAGE (Vdel 


-9.0 


-80 
:<5 -1.0 
z 
~ -60 
B -5.C 
z 
: 
-40 


; 
-30 


i 
-- - 


! 


TA' -5\"C --= 


- 
40'C- 
.....--::t:::- 
'2\·~r 
y 
l...--- 


+8\''- 


~ -- 
I--:: 
·'25°C 
~ 
:::::::::: ::::-- 
I 
~ 
~ 
I 


<!. -35 
~ 
~ 
-30 
~a --25 


~ 
-20 
~ 
0_15 
9 -10 


-1.0 


00 
-1,0 
-2,0 
-3.0 
-4.0 
-\,0 
-6.0 
-TO 
-8.0 
-9.0 
-10 


VOS, ORAIN·TO SOURCE VOL TAGE (Vdel 


·100 


·90 


-8ll 
:<~ -10 
~I 


-60 


-10 
z 
....0 
~ 
0 
-30 
9 


-20 


-10 


TA" -WC 
~ 
....o·C 
+25· 


A V - 
+!a.-- 
A 
=...--- 
,..... 
+11\'C 
~ 
~ 
Ii'" 
00 
-2.0 
...•,0 
-6,0 
-6,0 
-10 
-12 
-14 
-16 


VOS. ORAIN·T0-50URCE 
VOLTAGE (Vdel 
• 


i2:~.• 
~ 5.0 


0> 
4.0 
~;; 
3.0 
0 
~ 2.0 
> 


1.0 


s•••••'•••' NAND. 
AND 
Multiptt Input NOR, OR 
V 


;' 
Sine" 
Input NOR, OR 
Mulliplt Input HAND. AND 
/' 
k' 


I. 


14 
i 
12 
2:~.• 
10 
~ 
0 
'.0 
> 
~ 
I- 
'.0 
::> 
0i 4.0 
> 


2.0 


$O~,.,op.,~ANO. 
A~O 


..:?It 
Input NOR,OJ - 


/ 
St.... ,op.!NOR. oA 


Mil/Input 
NAND. AND 


/' 


$0•••• 
, ••• 
' NAND, 
AND 
Multiple Input NOR, OR 
/ 


,/ 
S.".. ''''' 
NOR, 
OR 
Muttip" 
Input 
NAND, 
AND 
/ 


~ 
2: 


~ 
10 


~ '.0 
... 


~ 
6.0 
::>o 
S 4.0 
::: 


The DC noise margin is defined as the input 
voltage range from an ideal "I" 
or "0" input level 
which does not produce output state change(s). 
The typical and guaranteed limit values of the in· 


put values VIL and VIH for the output(s) to be at 
a fixed voltage Vo are given in the Electrical 
Characteristics table. VIL and VIH are presented 
graphically in Figure 11. 


Guaranteed minimum noise margins for both 
the "1" and "0" levels -= 


1.0 V with a 
5.0 V supply 
2.0 V with a 10.0 V supply 


2.5 V with a 15.0 
V supply 


@ MOTOROLA 


The US Series logic gates are constructed with P and N channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure 
(Com- 


plementary 
MOS). 
Their 
primary 
use IS where 
low 
power 
dissipation 
and/or high noise immunity 
is desired. The US set of CMOS gates 


are Inverting 
non-buffered 
functions. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Linear 
and Oscillator 
Applications 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacements for Corresponding CD4000 
Series 
US Suffix 
Devices 


LOGIC 
DIAGRAMS 


MC14001UB 
MC14002UB 
MC14011UB 


Quad 2·lnput 
NOR G••• 
Duel 4·lnput NOR G.t. 
Quad 2·lnput 
NAND G.t. 


:=r>-J 
~~1 
:=C>-3 
:=r>-. 
:=C>-4 
:=r>-,o 
1:3D- 
:=c>-,o 
13 
11 
12=C>- 
12=r>- 
11 
11 12 
13 
13 


MC14012UB 
MC14023UB 
MC14025UB 


Duel 4-lnput 
NAND Ga,. 
Tripi. 
3·lnput 
NAND Gate 
triple 
3·lnput 
NOR Gate 
~P-' :3=0-9 
:3=L>-9 
:3=0-6 
:3=L>-6 
1:P-13 "3=0- 
"3=L>- 
1112 
12 
10 
12 
10 
13 
13 


VOO:: 
Pin 14 
VSS:: Pin 1 
for All Devices 


MC14001UB 
Quad 2·lnput NOR Gate 


MC14002UB 
Dual 4·lnput NOR Gate 


MC14011UB 
Quad 2·lnput NAND Gate 


MC14012UB 
Dual 4·lnput NAND Gate 


MC14023UB 
Triple 3·lnput NAND Gate 


MC14025UB 
Triple3·lnput NOR Gate 


•••••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series. 
- 4()"C to 
+ 6S"C 


MC 14XXXUBCP 
(Plastic 
Package) 


MC14XXXUBCL 
(Ceramic 
Packaye~ 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages or electric fields. 
However, precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages to this high-impedance 
circuit. 
For 
proper 
operation. 
Vin and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
=s::(Vin 
or 
Vout) 
'" 
VOO- 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs must be left open. 
•• 


MC14001UB 
Qued 2·lnput 
NOR Gete 
MC14002UB 
Duel 4-lnput 
NOR Gete 
MC14011UB 


Quad 2-lnput 
NAND Gete 


1. 
1. 
1. 


2 
13 
2 
13 
2 
13 


3 
12 
3 
12 
3 
12 
• 
11 
• 
11 
• 
11 


II 
10 
5 
10 
5" 
10 


II 
9 
II 
9 
II 
9 


7 
8 
8 
7 
8 


MC14012UB 
MC14023UB 
MC14025UB 
Dual 4-lnput 
NAND Gate 
Triple 3-lnput 
NAND Gate 
Triple 3-lnput 
NOR Gate 


1. 
14 
,. 


2 
13 
13 
2 
13 


3 
12 
3 
12 
3 
12 
• 
11 
• 
11 
• 
11 


!i 
10 
5 
10 
5 
10 
II 
9 
6 
9 
6 
9 
8 
8 
8 


• 


Symbol 
P.r.met.r 
V.lue 
Unll 


VOO 
DC Supply Voltage 
-05to+180 
V 


Vm· 
Voul 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOO +05 
V 


1m. lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
",'0 
mA 


Po 
Power DissipatIon, per Packaget 
500 
mW 


T slO 
Storage Temperature 
- 65 to 
+ 150 
·C 


TL 
Lead Temperature (6-Second Soldenng) 
260 
·C 


·Maximum Ratings are those values beyond whIch damage to the device may occur 
tTemperalure 
Derating" 
Plastic "p'. Package 
- 12mWrC 
from 65°C to 85°C 
Ceramic "L" Package 
- 12mWrC 
from 100°C 10 125°C 


Voo 
Tlow. 
2SoC 
Th·•••• 


Ch.racteristic 
Symbol 
Vdc 
Mon 
Mo. 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Output Voltage 
"0" 
Lp.'vel 
VOL 
5.0 
0.05 
- 
a 
0.05 
0.05 
Vdc 


Vin 
= 
VOO 
or 0 
10 
0.05 
- 
a 
0.05 
_. 
0.05 


15 
- 
0.05 
. 
a 
0.05 
. 
0.05 


.",. 
Level 
VOH 
5.0 
4.95 
· 
4.95 
50 
495 
Vdc 


Vin 
= 
0 or VOO 
10 
9.95 
-- 
9.95 
10 
9.95 
15 
1495 
_. 
1495 
15 
14.95 
. 


lnpur 
Voltage 
"0" Level 
VIL 
Vdc 


(VO ' 4.5 Vdc) 
50 
1.0 
2.25 
1.0 
. 
1.0 


IVO • 9.0 Vdcl 
10 
2.0 
- 
4.50 
2.0 
- 
2.0 


(VO" 
13.5 Vdcl 
15 
2.5 
675 
2.5 
2.5 


.",. 
Level 
V'H 


(VO' 
0.5 Vdc) 
50 
4.0 
4.0 
2.75 
4.0 
-- 
Vdc 
IVO' 
1.0 Vdcl 
10 
8.0 
8.0 
550 
-- 
8.0 
· 


(VO = 1.5 Vdcl 
15 
12.5 
- 
12.5 
8.25 
-- 
12.5 
· 


Output 
Drive Cu"enl 
fAL DeVice) 
10"1 
mAde 


1VOH - 25 Vdc.l 
Sou,ce 
50 
-1.2 
· 
-1.0 
- 1.7 
- 
-0.7 
-- 


1VOH 
4.6 
Vdcl 
50 
-0.25 
· 
-0.2 
-0.36 
-- 
-0.14 
· 


1VOH " 9 5 Vdcl 
10 
-0.62 
· 
-0.5 
-0.9 
-0.35 
- 


1VOH = 13.5 Vdcl 
15 
-1.8 
-- 
-1.5 
-3.5 
-- 
- 1.1 
-- 


1VOL = 04 
Vdcl 
Sink 
10L 
50 
0.64 
· 
0.51 
0.88 
-- 
036 
mAde 


(VOL 
= 05 Vdcl 
10 
16 
.. 
1.3 
225 
. 
0.9 
1VOL 
= 1 5 Vdcl 
15 
4.2 
· 
34 
88 
- 
2.4 
-- 


Output 
Drive CUHent 
(CLlCP 
Devlcel 
10"1 
mAde 


1VO•.• ' 25 Vdcl 
Source 
5.0 
-1.0 
-0.8 
-1.7 
-0.6 
- 


1VOH = 46 Vdcl 
50 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
-- 


1VOH = 9 5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
-0.3 
- 


1VOH = 13.5 Vdcl 
15 
-1.4 
· 
-1.2 
-3.5 
- 
-1.0 
-- 


1VOL = 0.4 Vdcl 
S",k 
10L 
50 
052 
-- 
0.44 
088 
0.36 
- 
mAde 


{VOL 
= 0.5 Vdcl 
10 
1 3 
1.1 
2.25 
0.9 
1VOL" 
1.5Vdcl 
15 
3.6 
3.0 
88 
24 


Input 
Current 
(AL 
DeVice) 
1m 
15 
. 
,0 
1 
'0 00001 
-.01 
-- 
• 1 U 
/JAde 


Inpul 
Current 
iLLlCP 
DeVice) 
I,n 
15 
,0 3 
• 000001 
'0 
3 
! 1 0 
/JAne 


Inpul Capacitance 
C," 
- 
-- 
50 
7.5 
of 


IV,n=OI 


QUiescent 
CUllent 
IAL 
DeVice) 
'DO 
50 
0.25 
0.0005 
025 
75 
#lAde 


(Per 
Package) 
10 
0.50 
0.0010 
0.50 
15.0 
15 
100 
0.0015 
1.00 
30.0 


QUlescenl 
Cuneo1 
IClICP 
Device I 
100 
50 
1.0 
0.0005 
1.0 
7.5 
/JAde 


Wer 
Package 
I 
lU 
- 
2.0 
0.0010 
2.0 
15.0 
15 
4.0 
0.0015 
4.0 
JOO 


TOlal 
Supply 
CU'fent· 
• t 
IT 
50 
IT • 10.3~A/kHzl 
t + IODIN 
IJAdc 


IDynjlmlc 
plus 
QUieSCent, 
10 
IT = 106 ~A/kHzl 
f • IODIN 
Per Got •. CL = 50 pFI 
15 
'T • 10.8~A/kHz) 
I • IODIN 


where: 
IT is in I£A (per package). 
Cl in pF, V "" (VOD - VSS) in volls, 


f in kHz is inpul 
lrequency, 
and k - 
0.001 
x the number 
of ell:ercised 
gales 
per package. 
• 


• 


Voo 
ChIFIICteristic 
Symbol 
Vdc 
Min 
Typ" 
MOll 
Unit 


Output 
Ai •• Tim. 
'TLH 
ns 
'TLH· 
(3.0 n./pF) 
CL + 30 no 
5.0 
- 
180 
360 
'TLH· 
11.5n./pFI 
CL + 15 no 
10 
- 
90 
180 
'TLH· 
(1.1 no/pF) CL + 10 no 
15 
- 
65 
130 


Output Fill Time 
'THL 
ns 
'THL· 
(1.5 n./pF) 
CL + 25 n. 
5.0 
- 
100 
200 
'THL· 
fO.75 no/pF) CL + 12.5 no 
10 
- 
50 
100 
'THL· 
(0.55 no/pFI CL + 9.5 n. 
15 
- 
40 
80 


Propagation DeilY Time 
tpLH.tpHL 
ns 
tPLH. tPHL • (1.7 nslpFI CL + 30 ns 
5.0 
- 
90 
180 
tPLH.lpHL· 
10.66 nslpFI CL + 22 ns 
10 
- 
50 
100 
tPLH. tPHL • 10.50 nslpFI CL + 15 ns 
15 
- 
40 
80 


Vss 
·AII 
unuMd 
inputs 
of AND, 
NAND 
get •• 
mUlt 
be 
connected to "DO. 
All unuMd 
inputs 
of OR, 
NOR 0-'.' 
must 
be 
connected to VSS. 


1.VOD 


~ 
..." r~,,··· 


2.•••• U:G~ 


FIGURE 2 - TYPICAL VOLTAGE ANO 
FIGURE 3 - TYPICAL VOLTAGE 
CURRENT TRANSFER CHARACTERISTICS 
TRANSFER CHARACTERISTICS_. 
TEMPERATURE 
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® MOTOROLA 


The MC14oo2B and MC14oo2UB are constructed with 
P and N 
channel enhancement mode devices in a single monolithic 
structure 
(Complementary 
MOS). Their 
primary 
use is where low power 
dissipation and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 
(MC14002B only) 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky 
TTL 
Load 
Over 
the 
Rated 
Temperature 
Range. 


(MC14002B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacements for CD4oo2B and CD4oo2UB 


Symbol 
Parameter 
Valu. 
Unit 


VOO 
DC 
Supply 
Voltage 
- 05 
to 
+ 18.0 
V 


Vm. 
You! 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VOO + 05 
V 


'm· 
lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pm 
",'0 
mA 
Po 
Power 
DISSipation, 
per 
Packaget 
500 
mW 


Tsta 
Storage 
Temperature 
- 6510 +' 50 
·C 


T L 
Lead 
Temperature 
(a-Second 
Soldering) 
260 
·C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperature 
Derallng 
Plastlc "p" 
Package 
- 12mWrC 
lrom 
65°C 
to 85°C 


Ceramic 
"L" 
Package 
- 
12mW'oC 
from 
1cooe 
10 125°C 


See the MC14oo1B data sheet for complete characteristics of the 
B·Seriesdevice. 
See the MC14001UB data sheet for complete characteristics for the 
UB device. 


MC14002B 
MC14002UB 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE6.6 


C Series: - 40·C to + 8S·C 
MC14XXXBCP 
or UBCP 
(Plastic 
Package) 


MC 14XXXBCL 
or UBCL 
(Ceramic 
Package) 


~~1 
1:~ 
13 


11 


12 


"00 
= Pin 14 


VSS 
= Pin 
7 


This device contains 
protection 
circuitry 
to guard against damage 
due to high static 
voltages 
or electric 
fields. 
However, 
precau- 


tions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high-impedance 
circuit. 
For 


proper 
operation, 
Vin 
and 
Vout 
should 
be constrained 
to the 
range VSS •• (Vin ar Vout) 
•• VOO· 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused 
outputs 
must be left open. 


® MOTOROLA 


The MC140068 shift register is comprised of four separate shift 
register sections sharing a common clock: 
two sections have four 
stages,and two sections have five stageswith an output tap on both 
the fourth 
and fifth 
stages.This makes it possible to obtain a shift 
register of 4, 5, 8, 9, 10, 12. 13. 14, 16, 17, or 18 bits by appropri· 
ate selection of inputs and outputs. This part is particularly 
useful in 
serial shift registers and time delay circuits. 


• 
Output Transitions Occur on the Falling Edge of the Clock Pulse 


• 
Fully Static Operation 


• 
Can be Cascadedto Provide Longer Shift Register Lengths 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TIL 
Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin·for·Pin Replacement for CD40068 


Symbol 
Parameter 
Value 
Unit 


vOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
v 


Vtn· 
Vout 
Input or Output Voltage (DC or Transient) 
-05 
to VOO+05 
v 


'in- 'out 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pin 
±10 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to +150 
°C 


TL 
Lead Temperature (8-Second Soldering) 
260 
°C 


*Maximum Ratings are those values beyond which 
damage to the device may occur 
tTemperalure 
Derating: 
Plastic "P" Package: 
- 12mW/oC 
from 65"C 1065"C 
Cer.amic "L" Package 
- 12mWrc 
from 10Q"Gto , 25"C 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE6.6 


C Series: 
- 40"C 
to 
+ 8S"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


On 
C 
0,,+1 


0 ---- 


0 
, "'- 
, 


X 
~ 
an 


Voo 
= Pin 1"4 
VSS 
Pin 7 
NC 
~ Pin 2 


LOGIC 
DIAGRAM 
(ONE REGISTER STAGE) 


C 


IC), 
,n-$-ou. 


2 
IC) 


I nput to output 
it 
(A) 
A bidirKtion.1 
tow imped.nc. 
when control 
input 
1 i, "'ow" 
and control 
input 2 i, "htgh". 
(8) 
An open circuit when control 
Input 1 i, "high" 
and control 
input 2 i, "low". 
• 


• 


Voo 
Tlow. 
25°C 
Th'''''' 
Ch.rKterist;c 
Symbol 
Vdc 
Min 
Max 
Min 
Typ# 
Mo. 
Min 
Max 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
0 
0.05 
0.05 
Vdc 


Vin = VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.",. 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vio 
""" OarVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
V,L 
Vdc 


(Va 
< 4.50,0.5 
Vdc) 
5.0 
- 
1:5 
- 
2.25 
1:5 
- 
1.5 
(Va' 
9.0 0,1:0 
Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va· 
13.50'1:5 
Vdc) 
15 
- 
4:0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V,H 
(Va· 
0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va· 
1.5 or 13.5 Vdcl 
15 
11.0 
.- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
fAL 
Device) 
'OH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1:6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1:5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUep 
Device) 
10H 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL Oevke) 
lin 
15 
- 
to.1 
- 
'000001 
!O 1 
- 
, 1.0 
IolAdc 


Input 
Current 
(CUep 
Devicel 
lin 
15 
- 
to.3 
.- 
10.00001 
'0.3 
- 
, 1.0 
IolAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 0) 


Ouie5Cent 
Current 
IAL 
Device) 
100 
5.0 
- 
5.0 
0.005 
5.0 
- 
150 
J,lAdc 


(Per Package I 
10 
- 
10 
- 
O.Q\O 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICUep DeVIce) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
J.lAdc 
(Per Package I 
10 
- 
40 
- 
O.Q\O 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current"· 
t 
IT 
5.0 
IT = 0.3 
••A/kHz) ,+ 100 
,f.IAdc 


(DynamiC 
plus 
QUiescent, 
10 
IT = (2.6 ••A/kHz) ,+ 100 


Per 
Package) 
15 
IT' 
(3.9 ••A/kHzl ,+ 100 
(el 
.."50 pF on all outputs, 
all 


buffers 
sWitching) 


Ch.ecteristic 
Symbol 
VOO 
Min 
Typ" 
Mox 
Unit 


Output Rise and Fall Time 
tTLH. 
n. 
'TLH. 'THL - 
(1.5 nslpF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 
'TLH. 'THL - 
(0.75 ns/pF) CL + 
12.5 ns 
10 
- 
50 
100 
'TLH. tTHL - 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH 
n. 
'PLH. tPHL • (1.7 ns/pF) CL + 220 n. 
tPHi. 
5.0 
- 
300 
600 
'PLH. tPHL • 10.66 n./pF I CL + 77 n. 
10 
- 
110 
220 
tPLH. IPHL • 10.5 n./pF) CL + 55 ns 
15 
- 
80 
160 


Clock PulseWidth 
'WH 
5.0 
200 
100 
- 
n. 
10 
120 
60 
- 
15 
80 
40 
- 


Clock Pulse frequency 
'ei 
5.0 
- 
5.0 
2.5 
MHz 
10 
- 
8.3 
4.2 
15 
- 
12 
6.0 


Clock Pulse Rise and Fall Time-- 
tTLH 
5.0 
15 
... 


tTHL 
10 
- 
- 
5 
15 
- 
- 
4 
Setup Time 


'su 
5.0 
0 
-50 
n. 
10 
0 
-15 
- 
15 
0 
-8.0 
- 
Hold Time 
'h 
5.0 
180 
75 
n. 
10 
90 
25 
- 
15 
75 
20 
- 


"When 
shirt register sections are cascaded, the maximum rise and fall times of the clock input should be equal to or less than the rise 
and fall times of the data outputs driving data inputs. plus the propagation delay of the output driving stage for the output capacitance 


load. 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this high~imped· 


ance circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range 
VSS 
of; (Vin or Vout) 
~ 
VOO' 


Unused 
inputs must always 
be tied to an appropriate 
logic voltage 
Jevel (e.g .• either VSS or VOO). 
Unused 
outputs must be 
left open. 


II 


II 


.•.•ue· 
Output 
0•. 08. 
013.017 


tPHL tVOH 


VOl 
tTHL 
t-- 


@MOTOROLA 


The MC14007UB multi·purpose device consistsof three N-<:hannel 


and 
three 
P·channel 
enhancement 
mode 
devices 
packaged 
to provide 


access 
to each device. 
These 
versatile 
pa(ts 
are useful 
in inverter 


circuits, 
pulse-shapers, 
linear 
amplifiers, 
high 
input 
impedance 
ampll· 


flers, 
threshold 
detectors, 
transmission 
gating, 
and functional 
gating. 


• 
Diode Protection 
on All Inputs 
• 
Supply Voltage 
Range; 
3.0 Vdc to 1B Vdc 
• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin·for·Pin Replacement 
for CD4007 A or CD4007UB 
• 
This device has 2 outputs without 
ESD Protection. 
Anti-static 
precautions 
must be taken. 


Symbol 
Perame'., 
Value 
Unit 


VOO 
DC Supply Voltage 
- 05 
to 
+ 18 0 
V 


V1n· 
Vout 
Input 
or Output 
Voltage 
(DC 
or TranSient) 
- 
05 
to VOO 
+ 05 
V 


Irn· 
lout 
Input 
or 
Output 
Current 
(DC 
or 
TranSient), 
per Pin 
~'O 
mA 


Po 
Power 
DiSSipation, 
per 
Packaget 
500 
mW 


Tstc 
Storage 
Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead 
Temperature 
(8-Second 
Soldeflng) 
260 
·C 


·Maxlmum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
10 the 
deVIce 
may 
occur 


tTemperature 
Deratmg 
Plasllc 
"p" 
Package: 
- 
12mW/oC' 
from 
65°C 
10 85°C 


CeramIC 
"L" 
Package. 
-12mWrC 
from 
1QQoC 10 125°C 


Substr.~s 
of P·chen".1 
d ••••lt:.s int.rnally 
conn.cted 


to VOD. 
tubttrates 
of N chann.1 
devic., 
int.rn.lly 
conn.cted 
to VSS. 


DUAL COMPLEMENTARY 
PAIR 
PLUS INVERTER 
-- 


- 
. 


~. 
1 
'I I 
,. " 
! ' 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


C6.SE 
646 


C Series: 
- 4QoC 10 + 8S·C 


MC14XXXUBCP 
(PlaSlic 
Package) 


MC14XXXUBCL 
(Ceramic 
Package) 


• 


Voo 
Tlow. 
25°C 
Th;gh· 


Charecteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ '" 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


v.n= 
Voa 
or 0 
10 
- 
0.05 
- 
0 
005 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
495 
- 
Vdc 


v.n= 0 or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


evO = 4.5) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


evO' 
9.01 
10 
2.0 
- 
4.50 
2.0 
- 
2.0 


evO = 13.5) 
15 
- 
2.5 
- 
675 
2.5 
- 
2.5 


"," 
Level 
VIH 
(VO =0.5) 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vdc 


(VO = 1.0) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 
(VO = 1.5) 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive 
Current 
(AL Devicel 
IOH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-24 
-5.0 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-1.0 
.- 
-036 
- 
eVOH • 9.5 Vdcl 
10 
-1.6 
.- 
-1.3 
-2.5 
- 
-0.9 
- 


eVOH' 
13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-10 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
1.0 
- 
0.36 
- 
mAde 


eVOL • 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.5 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
10 
- 
2.4 
- 


Output ori ••••Current (CL/CP Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-5.0 
- 
-1.7 
- 


(VOH • 4.6 Vdc) 
5.0 
-{l.52 
- 
-0.44 
-1.0 
- 
-{l.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.5 
- 
-{l.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-30 
-10 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
1.0 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.5 
- 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
3.6 
- 
3.0 
10 
- 
2.4 
- 


Input Current 
IAl 
Device) 
lin 
15 
- 
'01 
- 
'000001 
'01 
, 1.0 
,&lAde 


Input 
Current 
ICl/CP 
Devicel 
lin 
15 
- 
'03 
- 
'000001 
'03 
:!: 10 
.uAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
pF 


(V In = 0) 


QUleKent 
Current 
(Al 
Devlcel 
'DO 
50 
- 
0.25 
.- 
0.0005 
0.25 
7.5 
,&lAde 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUIescent Current 
(CLlCP 
Devlcel 
'DO 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.S 
,&lAde 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current·· 
t 
IT 
50 
IT - (0.7 ~A/kHz) 
f + 100/6 
,&lAde 


(Dynamic 
plus Ouiescent. 
Per Gatel 
10 
IT' 
(1.4 ~A/kHz) 
f + 100/6 
(CL • 50 pF) 
15 
IT • (2.2 ~A/kHl) 
f + 100/6 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken to avoid applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this hlgh·imped- 


ance circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range VSS 
:!i;; (Vin or Vout) 
:!i;; VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must 


be left open. 


Voo 
Characteristtc: 
Symbol 
Vdc 
Min 
Typ" 
Mo. 
Unit 


Output 
Rise Time 
tTLH 
os 


'TLH: 
t1.2 os/pFI 
CL + 30 os 
5.0 
- 
90 
180 
tTLH: 
10.5 os/pFI 
CL + 20 os 
10 
- 
45 
90 
tTLH 
~ (0.4 ns/pFI 
CL + 15 os 
15 
- 
35 
70 


Output 
Fall Time 
tTHL 
os 


tTHL,., 
(1.2 ns/pFI 
CL + 15 ns 
5.0 
- 
75 
150 


tTHL'" 
(0.5 
ns/pF) 
CL 
+ 15 os 
10 
- 
40 
80 


tTHL 
= 10.4 ns/pFI 
CL + 10 os 
15 
- 
30 
60 


Turn-Off 
Delav 
Time 
tpLH 
os 


tPLH 
:: 0.5 
ns/pF) 
CL 
+ 35 os 
5.0 
- 
60 
125 
tPLH:: 
(0.2 ns/pFI 
CL + 20 os 
10 
- 
30 
75 


tPLH:' 
(0.15 
ns/pF) 
CL'" 
17.5 ns 
15 
- 
25 
55 


Turn-On 
Delay 
TIme 
tPHL 
os 
IPHL :: 0,0 
ns/pFI 
CL + 10 ns 
5.0 
- 
60 
125 


tPHl:: 
(Q 3 ns/pF) CL + 15 ns 
10 
- 
30 
75 


tPHL'" 
10.2 ns/pF) 
CL .•. 15 ns 
15 
- 
25 
55 


• The 
formulas 
given 
are 
for 
the 
typical 
characteristics 
only. 


Switching specifications are for device connected as an inverter. 


#Data 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 


intended 
as an indication 
of the lC's potential 
performance. 


<{ 
5~ 
~ ·80 
~~ 
=> 
u 
z 
-12 


~ 


oil TA; 
55°C 
- 
b 
TA ~ '1S0C 


C 
TA3 
t1250C 


I 
TA S -550C 
b 
TA 
S +25oC 
c TA3+1250C 


• 


APPLICATIONS 


The MC14007UB 
dual pair plus inverter, which has 
accessto all its elements offers a number of unique circuit 
applications. Figures 1, 5, and 6 are a few examples of 
the device f1exibility. 


FIGURE 
5 - 
3·STATE 
BUFFER 


+voo 


DiMble 3~~:r 
J:. 


Output 


Input "~~,, 
Outpl.lt 
]: 


3 
c 


4 


Disable 6~17 
6 
A 


INPUT 
DISABLE 
OUTPUT 


1 
0 
0 
0 
0 
1 


X 
1 
Open 


12 
S3 
PIN ASSIGNMENT 


'6 


2 
1S 


11 
S2 
3 
,.. 


.. 
13 


S 
'2 


6 
" 
10 
51 


'0 


VOO 
- Pin 
16 
8 
9 


VSS· Pin 8 


@MOTOROLA 


The MC14008B 4·bit 
full 
adder is constructed with 
MOS p. 
channel and N·channel enhancement mode devices in a single mono- 
lithic 
structure. This device consists of four full adders with fast 


internal look·ahead carry output. It is useful in binary addition and 
other arithmetic applications.The fast parallel carry output bit allows 
high·speedoperation when usedwith other ldders in a system. 


• 
Look-Ahead Carry Output 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vd,; 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin·for·Pin Replacementfor CD4008B 


Symbol 
Per.met.r 
Value 
Unit 


VDD 
DC Supply 
Voltage 
- 0510 
+ 18 0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Translenl) 
- 05 
10 VOO 
+ 05 
V 


1m. lout 
Input 
or Output 
Currenl 
(DC 
or Transient), 
per 
Pin 
~10 
mA 


PD 
Power Dissipation, per Packaget 
500 
mW 


Tsta 
Storage Temperature 
- 6510 
T 150 
·C 


TL 
Lead 
Temperature 
(e-Second 
Soldering) 
260 
·C 


·MaXlmum 
Ratlngs 
are 
those 
values 
beyond 
whIch 
damage 
to the device 
may 
occur 


tTemperature 
Derating. 
Plastic 
"P" Package 
-, 
2mW/oC Irom 
65°C to 85°C 
CeramIc "L" Package: -12mWrC 
from 100 


nC 10 125°C 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series· 
- 4QoC to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 
MC14XXXBCL 
(Ceramic 
Package) 


Con 
8 
A 
Cou, 
S 


0 
0 
0 
0 
0 


0 
0 
1 
0 
1 


0 
, 
0 
0 
, 


0 
1 
1 
, 
0 
, 
0 
0 
0 
1 
1 
0 
, 
, 
0 


1 
, 
0 
, 
0 


1 
, 
, 
, 
, 


• 


Voo 
Tlow· 
2SoC 
Thi 
h- 


Ch.ract.ristic 
Symbol 
Vd< 
Min 
Mo. 
Min 
Typ 
II' 
M•• 
Min 
M•• 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
. 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vin 
- 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


..," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
.•• 0 or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
V,L 
Vdc 


(VO 
4.5 or 0.5 Vdcl 
5.0 
1.5 
- 
'2.25 
1.5 
- 
1.5 


(VO 
. 9.0 or 1.0 Vdcl 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.,," 
Level 
V,H 
(VO . 0.5 or 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
3.5 
Vdc 


(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
.. 
7.0 
5.50 
- 
7.0 
.. 


(VO = 1 5 or 13.5 Vdcl 
15 
110 
- 
11.0 
825 
- 
11.0 


Output 
Drive 
Current 
(AL Device I 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
.. 
-1.3 
-2.25 
~ 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
.. 
-34 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
088 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
DeVice) 
'OH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
... 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-044 
-0.88 
- 
-0.36 
.. 


(VOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1 
1 
-2.25 
- 
-0.9 
.- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
1VOL = 0.5 Vdcl 
10 
1.3 
.. 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
-- 


Inpul 
Current 
(AL 
Device) 
I,n 
15 
'01 
'000001 
!O 1 
"0 
,uAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
. 
,03 
. 
'0.00001 
'0.3 
. 
, 1.0 
/JAde 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
pF 
IVIO:::OI 


QUiescent 
Curren' 
(AL 
DeVice) 
'00 
50 
5.0 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.Q15 
20 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
50 
'T' 
i107 
lolA/kHz) 
f -t 100 
IJAdc 


(DvnamlC 
plus 
QUlescen,. 
10 
IT - (3.4 "A/kHzl 
I + 100 
Per Package) 
15 
IT 
= 
15.0 ~A/kHll 
f 
+ 100 
(CL 
,..50 pF 
on all outputs. 
all 


buffers 
sWltchtng) 


This device contains 
protection 
circuitry 
to guard against 
damage due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken to avoid applications 
of any voltage 
higher 
than maximum rated voltages 
to this high-imped- 


ance circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must 


be left open. 


Voo 
Ch.rKteristic 
Symbol 
Vdc 
Min 
Typ •• 
M •• 
Unit 


Output Rise and Fall Time 
'TLH. 
n. 


tTlH. ITHL = (1.5 ns/pF) Cl 
+ 25 ns 
'THL 
5.0 
- 
100 
200 


tTLH. 
tTHl 
= 
(0.75 
ns/pF) 
CL 
+ 
12.5 
ns 
10 
- 
50 
100 


'TLH. 'THL ~ (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
'pLH.'PHL 
n. 
Sum In to Sum Out 
'pLH. 
'?HL' 
11.7 n./pFI 
CL + 315 n. 
5.0 
- 
400 
UOO 
'PLH. tPHL' 
10.66 n./pFI 
CL + 127 n. 
10 
- 
160 
320 
tpLH. tPHL' 
10.5 n./pFI 
CL + 90 n. 
15 
- 
115 
230 
Sum In to Carry Out 
'PLH. tPHL • 11.7 n./pFI 
CL + 220 n. 
5.0 
- 
305 
610 
'PLH.'PHL· 
10.66n./pFI 
CL + 112n. 
10 
- 
145 
290 
tpLH. tPHL • 10.5 ns/pFI CL + 85 ns 
15 
- 
110 
no 


Carry 
In to Sum 
Out 
tpLH. tPHL • 11.7 n./pFI 
CL + 290 ns 
5.0 
- 
375 
750 
'PLH. tPHL' 
10.66 n./pFI 
CL + 122 ns 
10 
- 
155 
310 
'pLH. 
'pHL 
• (0.5 n./pFI 
CL + 90 ns 
15 
- 
115 
230 


Carry 
In to Carry 
Out 
tPLH. tPHL = 11.7 ns/pFI CL + 85 ns 
5.0 
- 
170 
340 
'pLH. 
'PHL • 10.66 ns/pFI CL + 42 ns 
10 
- 
75 
ISO 
'pLH. 
tPHL • 10.5 ns/pFI CL + 30 ns 
15 
- 
55 
110 


• 


9. 


A. 
s. 


B3 


A3 
S3 


B2 


A2 
S2 


81 


A1 
S1 


Cin 
II 


Word A 
+ 8 Inputs 
r----------------A.--------------- 
A1--- 
84 


Calculation 
of 16-bit adder speed: 


tp total 
= tp (Sum to Carry) 
+ tp (Carry 
to Sum) 
+ 2 tp (Carry 
to Carry) 
The guaranteed 16-bit adder speed at 10 V, 25°C. CL = 50 pF is; 
tp tolal = 290 + 310 + 300 = 900 ns 


1\1 


@MOTOROLA 


The MC14011B and MC14011UB are constructed with 
P and N 


channel 
enhancement 
mode devices 
in a single monolithic 
structure 
(Complementary 
MOS). Their 
primary 
use is where low power 


dissipation and/or high noise immunity is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Output> Buffered (MC14011 B only) 


• 
Capable 01 Driving Two Low-powef TTL Loads or One Low-power 
Schottky 
TTL 
Load 
Over 
the 
Rated 
Temperature 
Range. 


(MC14011 B only) 


• 
Double 
Diode 
ProtectIon 
on All 
Inputs 


• 
Pin·for·Pin Replacements for CD4011B and CD4011UB 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Vollage 
- 0510 
+ 18 0 
V 


V.n· Voul 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VOO + 05 
V 


1m. lout 
Input 
or Output 
Current 
(DC 
or TranSIent). 
per 
Pin 
::::10 
mA 


Po 
Power 
DISSipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead 
Temperature 
(a-Second 
Soldering) 
260 
·C 


"MaXimum 
Ratings 
are 
lhose 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperalure 
Derating 
PlastiC 
"p" 
Package 
-, 
2mW/oC 
from 
65°C 
to 
85°C 


Ceramic 
"L" 
Package: 
-12mWI"C 
from 
1QQoC 10 125°C 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static voltages 
or electric 
fields 
However, precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated 
voltages 
to this hlgh- 
Impedance 
circuit 
For proper 
operation, 
Vin and Vout should be constrained 
to 
the range VSS 
::!EO (Vin or Vout) ~ VOO. 


Unused 
inputs 
must always be tied to an appropriate 
logic 
voltage 
level (e.g., 


either VSS or VOO) 
Unused outputs 
must be left open 


MC14011B 
MC14011UB 


For complete data 
see MC14001B or MC14001UB 
as applicable. 


..~ 
..~ 
~L~lryY~~H~ 


LSUFFIX 


Cl 
RAMie 
PACt<. At>!:. 


CAS~ 
631 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series 
- 40·C 
to + 8S"C 


MC14XXX8CP 
or U8CP 
(Plastic 
Package) 


MC14XXXBCL 
or UBCL 
(Ceramic 
Package) 


II 


® MOTOROLA 
MC14012B 
MC14012UB 


The MC14012B and MC14012UB are constructed with 
P and N 
channel enhancement mode devices in a single monolithic 
structure 
(Complementary 
MOS). Their 
primary 
use is where low power 
dissipation and/or high noise immunity is desired. 


• 
Supply Voltage Range" 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered (MC14012B only) 


• 
Capable of Driving Two low-power 
TTl 
loads 
or One low-power 
Schollky 
TTl 
load 
Over 
the 
Rated 
Temperature 
Range. 


(MC14012B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacements for CD4012B and CD4012UB 


Symbol 
Per.met.r 
V.lue 
Unit 


VOO 
DC Supply 
Voltage 
-05 
to 
+ 180 
V 


V.n. 
Vout 
InpiJt 
or Output 
Voltage 
(DC 
or Translenl) 
-05 
to VOO +05 
v 


Irn. 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pm 
",10 
mA 


Po 
Power DissipatIon, per Packaget 
500 
mW 


Tstu 
Storage 
Temperature 
- 6510 + 150 
'C 


TL 
Lead Temperature (8-Second Soldering) 
260 
'C 


~14~~"Ynl 


l SUFFIX 


Ct:~AMIC 
PAC1'l..AGf: 


CASE: 
632 ••• 
P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series: 
- 4DoC 10 + 85°C 


MC14XXXBCP 
or UBCP 
(Plastic 
Package) 


MC14XXXBCL 
or UBCL 
(Ceramic 
Package) 


-Maximum Rattngs are those •••• 
alue~ beyond which damage to the de•••• 
ice may occur 
tTemperature Derating: 
Plastic "P" Package: - 12mWrC from 65°C to 85°C 
CeramiC "L" Package 
-12mWrC 
lrom 100°C 10 125°C 


See the MC14001 B data sheet for complete characteristics of the 
B·Seriesdevice. 
See the MC14001UB data sheet for complete characteristics for the 
UB device. 


~5=0-' 
':5=0- '3 
11 


12 


VOO 
'" Pm 
14 


VSS 
" PIn 7 


1,13 


2,10 
2.9 
3.9 


3,10 
4,12 


5,11 
4, 11 


5, 12 


VSS 


@MOTOROLA 


The MC14013B dual type 0 flip-flop 
is constructed with MOS 
P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure. 
Each flip-flop 
has independent Data, (D), 
Direct Set, (S), Direct Reset, (Rl. and Clock (C) inputs and comple- 
mentary outputs (0 and Ol. Thesedevicesmay be usedasshift regis- 
ter elements or as type T flip-flops for counter dnd toggle applica- 
tions. 


• 
Static Operation 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Logic Edge-Clocked Flip-Flop Design _. 
Logic state is retained indefinitely 
with clock level either high or 


low; information 
is transferred 
to the output 
only 
on the positive· 


going edgeof the clock pulse 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin-for-Pin Replacement for CD4013B 


Symbol 
Per.met.r 
Velue 
Unit 


VDD 
DC Supply Voltage 
- 0.5 to 
+ 18.0 
V 


VIn· 
VOUl 
Input 
or Output 
Voltage 
(DC 
or Translenl) 
- 0.5 to VOO 
+ 0.5 
V 


I.n· 
lout 
Input 
or Output 
Current 
(DC 
or TranSient), 
per Pin 
=10 
mA 


Po 
Power 
Dlsslpatlon, 
per Packaget 
500 
mW 


Tstn 
Storage Temperature 
- 65 to + 150 
'C 


TL 
Lead Temperature (8·Second Soldering) 
260 
'C 


·Maximum Ratings are those values beyond which damage to the deVice may occur 
tTemperature 
Derating: 
Plastic "P" Package: 
-12mW/oC 
from 65°C to 85°C 
CeramiC "L" 
Package: 
-12mwrC 
from 
lOQGe to 125°C 


INPUTS 
OUTPUTS 


CLOCK' 
DATA 
RESET 
SET 
Q 
0 
....r- 
0 
0 
0 
0 
, 


....r- 
, 
0 
0 
, 
0 
'- 


x 
0 
0 
Q 
Q 


x 
X 
1 
0 
0 
, 


X 
X 
0 
, 
1 
0 


X 
X 
1 
, 
, 
, 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
~6 


C Senes: 
- 4QoC 10 + 85°C 


MC 14XXX8CP 
(Plastic 
Package) 


MC 14XXX8CL 
(Ceramic 
Package) 


s 
0 
Q 
'3 


11 
C 
a 
12 
No 
R 
Change 


10 


VOO 
• Pin 
14 


VSS· 
Pin 
7 • 


• 


Voo 
Tlow , 
25°C 
Th'''''' 


Characteristic 
Symbol 
Vdc 
Min 
Mox 
Min 
Typff 
MI, 
Min 
MI' 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vio = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
14.95 
15 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 


(VO • 4.50,0.5 
Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO " 9.00' 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50'1.5 
Vdcl 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO 
= 0.5 0,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO ' 
1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1 5o, 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Orive 
Current 
IAL 
Device) 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.1 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Orive 
Current 
(CUe? 
Device) 
'OH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH 
= 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL 
Device) 
lin 
15 
- 
±O.I 
- 
±O.OOOOI 
±O.l 
- 
± 1.0 
,uAdc 


Input 
Current 
(CUe? 
Device) 
lin 
15 
- 
±03 
- 
±O.OOOOI 
±O.3 
- 
± 1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
5.0 
75 
- 
- 
pF 


(Vin 
= OJ 


Quiescent 
Current 
tAL 
Device) 
100 
50 
- 
1.0 
- 
0.002 
1.0 
- 
30 
IJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


GUlescenl 
Current 
(CUe? 
DeVice) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
IJAdc 
(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
120 


Total 
Supply 
Current··-r 
IT 
5.0 
IT = 10.75 "A/kHzl 
f + 100 
,uAdc 


(Dynamic 
plus 
QUiescent, 
10 
IT = 11.5 
.uA/kHz) 
t + 100 
Per Package) 
15 
IT = (2.3 
J..IA/kHzt 
f t 
100 
(CL 
- 50 pF 
on all outputs, 
all 


buffers 
sWItching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static 
voltages 
or electric 
fields. 
However, 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high· 


impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to 
the ,ange 
VSS '" (Vin or Vout) 
'" VDD· 


Unused inputs 
must always 
be tied to an appropriate 
logic 
voltage 
level (e.g., 


either VSS or VOO). Unused outputs 
must be left open 


Ch• .ctermic 
Symbol 
VOO 
Min 
Typ '" 
Mu 
Unit 


Output 
Rise 
and 
Fall 
Time 
ITLH. 
nl 


tTlH. 
tTHl 
= 
(1.5 
nS/pF) 
Cl 
+ 25 ns 
ITHl 
5.0 
- 
100 
200 
tTlH. tTHl 
- 
10.75 ns/pF) Cl 
+ 
12.5 
ns 
10 
- 
50 
100 


tTlH. 
tTHL 
= 
(0.55 
nslpF) 
Cl 
+ 9.5 
ns 
15 
- 
40 
80 


Propoagetion 
Delay 
Time 
tPlH 
nl 


Clock 
to o. a 
'pHl 


tPLH. 
IPHL 
= 
(1 7 ns/pF) 
Cl 
+ 
90 ns 
5.0 
- 
175 
350 


IpLH. 
IPHl 
::: (066 
ns/pF) 
CL 
+ 42 ns 
10 
- 
75 
150 


IpLH. 
IPHl 
::: (0 5 ns/pF) 
CL 
+ 
25 ns 
15 
- 
50 
100 


Sel to a.a 


IpLH. 
tPHL 
::: (1 7 ns/pF) 
CL 
+ 90 
ns 
5.0 
- 
175 
350 


IPLH. 
tPHL 
::: (0 66 ns/pF) 
CL 
.•. 42 ns 
10 
- 
75 
150 


tpLH. 
tpHL 
::: (05 
ns/pF) 
CL 
+ 
25 ns 
15 
- 
50 
100 


Reset 
to Q. 0 


tPLH. 
tPHL 
::: (1 7 ns/pF) 
CL 
+ 
265 
ns 
5.0 
- 
350 
450 


tPLH. 
IPHL 
::: (0 66 ns/pF) 
CL 
+ 
67 ns 
10 
- 
100 
200 


tpLH· 
IPHL 
= 
(0 5 nS/pF) 
CL 
+ 
50 ns 
15 
- 
75 
150 


Setup 
Times·· 
I,U 
5.0 
40 
20 
- 
ns 
10 
20 
10 
- 
15 
15 
7.5 
- 


Hold 
Times·· 
Ih 
5.0 
40 
20 
- 
ns 


I 


10 
20 
10 
- 
15 
15 
7.5 
- 


! Clock 
Pulse WIdth 
'Wl,tWH 
5.0 
250 
125 
- 
ns 
, 


10 
100 
50 
- 
15 
70 
35 
- 


Clock 
Pulse 
Frequency 
lei 
5.0 
- 
4.0 
2.0 
MHz 
10 
- 
10 
5.0 
15 
- 
14 
7.0 


Clock 
Pulse Rise and 
Fall 
Time 
tTlH 
5.0 
- 
- 
15 
,n 


tTHl 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


Set and 
Reset 
Pulse Width 
twl,'WH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
70 
35 
- 


Removal 
Times 
Irem 
ns 


Set 
5 
80 
0 
- 
10 
45 
5 
- 


15 
35 
5 
- 


Resel 
5 
50 
-35 
- 


10 
30 
-10 
- 


15 
25 
-5 
- 


c 
C 


c~ 
• 


II 


~ 


C 
a 


Clock 


Set or 
Reset 
VSS 


Clock 
VSS 


IPLH 
tPHL 
VOH 
a or 0: 
50% 
VOL 


~Q 


--~ 


@MOTOROLA 


The MC14014B and MC14021B B·bit static shift 
registers are 
constructed with MOS P-channel and N·channel enhancement mode 
devices in a single monolithic 
structure_ 
These shift registers find 


primary 
use 
in 
parallel-ta-serial 
data 
conversion, 
synchronous 
and 


asynchronous 
parallel 
input. 
serial 
output 
data queueing; 
and other 
general purpose register applications requiring 
low power and/or 
high noise immunity_ 


• 
Synchronous Parallel Input/Serial Output (MC14014B) 
• 
Asynchronous Parallel Input/Serial Output (MC14021 B) 


• 
Synchronous Serial Input/Serial Output 


• 
Full Static Operation 
• 
"0" Outputs from Sixth, Seventh, and Eighth Stages 


• 
Double Diode Input Protection 


• 
Supply Voltage Range = 3_0Vdc to 1B Vdc 
• 
Capable of Driving Two Low·power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
MC14014B Pin·for·Pin Replacement for CD4014B 
• 
MC14021B Pin-far-Pin Replacement for CD4021B 


Symbol 
Par.met.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
- 0.5 to 
+ 18.0 
V 


V1n. Voul 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO + 0.5 
V 


'.n- 'out 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
~10 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsle 
Storage 
Temperature 
-65 to ..•.150 
·C 


TL 
Lead Temperature (a-Second Soldering) 
2S0 
·C 


·Maximum 
Ratings 
afe 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 
12mW/ 


DC 
from 
65 


DC 
to 85 


DC 


CeramIc 
"L" 
Package: 
-12mW/ 


DC 
from 
100 


DC 
10 125 


DC 


MC140148 
MC140218 
--'- 


I, 
r 
' 
I !: 
~. 


Hi 
1'! 
I 
! 
16 
1 
' 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40-C 
to + 8S-C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


TRUTH TABLE 
SERIAL OPERATION, 


06 
07 
08 
t 
CLOCK 
Os 
PIS 
t· n+6 
t:: n+7 
t'" n+8 


n 
~ 
0 
0 
0 
, 
, 


n'1 
~ 
1 
0 
1 
0 
, 


n' 2 ~ 
0 
0 
0 
1 
0 
"'3 ~ 
1 
0 
1 
0 
1 
~ 
X 
0 
as 
07 
as 


PARALLEL 
OPERATION: 


CLOCK 
"an 
Os 
PIS 
Pn 
MC140148 
MC14021B 
~I 
X 
X 
1 
0 
0 
~I 
X 
X 
1 
1 
1 
._. 


-06.07. 
& 08 ar. a",a,lable 
eMl.rnally 


X •• Oonol 
Care 
• 


• 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ '" 
Max 
Min 
Max 
Unit 


Output 
VOltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin = VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
-- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin:::: a or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
V,L 
Vdc 
(VO ~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO ' 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Vo 
= 13.50' 
1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 
evO = 0.5 0' 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
.- 
3.5 
- 
Vdc 
(VO 
= 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.50' 
13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
'OH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdc! 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
_. 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
1VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input Current (AL Device) 
lin 
15 
- 
~ 0.1 
- 
'0.00001 
'01 
- 
, 1.0 
JJAdc 


Input 
Current 
ICL/CP 
Device) 
lin 
15 
- 
,03 
- 
'0.00001 
! 0.3 
- 
! 1.0 
J,.IAdc 


'"put Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in ,. 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
50 
- 
0.005 
5.0 
- 
150 
JJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
_. 
20 
- 
0.015 
20 
.. 
600 


Quiescent 
Current 
ICLlCP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
JJ.Adc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
'T 
= 10.75 ~A/kHzl 
f 
• 
100 
SJ.Adc 


(Dynamic 
plus Quiescent, 
10 
IT = 11.50 ~AlkHzl 
f + 100 


Per Package) 
15 
IT = 12.25 ~AlkHzl 
f + 100 
leL '" 50 
pF 
on 
all outputs, 
all 


buffers 
switching) 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high 
static voltages 
or electric 
fields. However, 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the ,ange 
VSS '" (Vin or Voul) 
'" VOO. 
Unused 
inputs must always 
be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VOO). Unused 
oulputs 
must be left open. 


VDD 
Char.eter.atle 
Symbol 
Vdc 
Mln 
Typ# 
Ma. 
Unit 


Output 
Rise 
and 
Fall 
Time 
ITLH, 
ns 


ITLH. 'THL - 
(1.5 ns/pF) CL + 25 ns 
'THL 
5.0 
- 
100 
200 
'TLH. 'THL = (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
'TLH. 'THL = (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time (Clock to Q. 
PIS 
to Q) 
IpLH, 
ns 


'PHL.lpLH 
= (1.7 ns/pF) CL + 315 ns 
'PHL 
5.0 
- 
400 
800 


'PHL. IpLH = (0.86 ns/pF) CL + 137 ns 
10 
- 
170 
340 


'PHL. IpLH = (0.5 ns/pF) CL + 90 ns 
15 
- 
115 
230 


Clock Pulse Width 
'WH 
5.0 
400 
150 
- 
ns 


10 
175 
75 
- 
15 
135 
40 
- 


Clock Frequency 
'cl 
5.0 
- 
3.0 
1.5 
MHz 


10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Parallel/Serial 
Control 
Pulse 
Width 
'WH 
5.0 
400 
150 
- 
ns 
10 
175 
75 
- 
15 
135 
40 
- 


Setup Time 
Isu 
5.0 
200 
100 
- 
ns 


PIS 
to Clock 
10 
100 
50 
- 
15 
80 
40 
- 


Hold Time 
'h 
5.0 
20 
-2.5 
- 
ns 


Clock to PIS 
10 
20 
-10 
- 
15 
25 
0 
- 


Setup Time 
Isu 
5.0 
350 
150 
- 
ns 


Data 
(Parallel 
or Serial) 
to 
10 
80 
50 
- 
Clock or PIS 
15 
60 
30 
- 


Hold Time 
th 
5.0 
45 
0 
- 
ns 


Clock to Os 
10 
35 
0 
- 
15 
35 
5 
- 


Hold 
Time 
Ih 
5.0 
50 
25 
- 
ns 


Clock to Po 
10 
45 
20 
- 
15 
45 
20 
- 


Input 
Clock 
Rise 
TimEt 
Ir(cl) 
5.0 
- 
- 
15 
,,"s 
10 
- 
- 
5 
15 
- 
- 
4 
• 


II 


06 


CL 


07 


08 
1'1' 


Clock 


Dot.---.I 
\ 
/ 
'- 


I 
I 
I 
I 
I 
I 
I 
I 
I 
VSS 
SW2: 
I 
________ 
...J 


---t 


tTLH 
tTHL 


tWL'" 
tWH 
• 5o" Duty eye" 


@MOTOROLA 


The MC 14015B dual 4·bit static shift register is constructed with 
MOS P·channel and N·channel enhancement mode devices in a single 
monolithic 
structure. 
It· consists of 
two 
identical, 
independent 
4·state serial·input/parallel·output 
registers. Each register has inde· 


pendent Clock and Reset inputs with 
a single serial Data input. The 


register states are type 0 master·slaveflip·flops. 
Data is shifted from 
one stage to the next during the positive·going clock transition. Each 
register can be cleared when a high level is applied on the Reset line. 
These complementary 
MOS shift registers find primary use in buffer 
storage and serial·to·parallel conversion where low power dissipation 
and/or noise immunity 
is desired. 


• 
0 iode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Logic Edge·Clocked Flip·F lop Design - 
Logic state is retained indefinitely 
with clock level either high or 
low; information 
is transferred to the output only on the positive 
going edge of the clock pulse. 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range. 


Symbol 
P.r.me'.r 
V.lu. 
Unit 


VDD 
DC 
Supply 
Voltage 
-05 
to + 18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-05 
to VOO +05 
V 


lin· lout 
Input or Output Current (DC or TranSient). per Pin 
""0 
mA 


PD 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tsta 
Storage Temperature 
-65 to + 150 
'C 


TL 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
'C 


6MaXImum 
Ratings 
are 
lhose 
values 
beyond 
which 
damage 
10 the 
deVIce 
may 
occur 
tTemperature 
Derating: 
Plastic "po. Package: 
- 12mW/oC from 
65°C 10 65°C 


Ceramic 
"L" 
Package. 
- 12mwrC 
tram 
10Q 


Ge 
to 
125°C 


C 
D 
R 
00 
an 
...r 
0 
0 
0 
On-1 


..../' 
1 
0 
1 
°n-1 
~ 
X 
0 
No Change 
No Change 


X 
X 
1 
0 
0 


x 
= 
Don't 
Care 
an = aD. 01, 02. or 03, as applicable. 
an - 1 = Output of prior s1age. 


DUAL 4-BIT STATIC 


SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


Pl.ASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
10 + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK DIAGRAM 


00 
s 


0 
01 
4 


02 
3 
II 


9 
C 
R 03 
'0 


6 


00 
13 


1S 
0 
01 
12 


02 
11 


C 
R 03 


'4 


Von'" 
Pin 
16 
VSS • Pin 
8 


Voo 
T10w . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ '" 
Max 
Min 
M•• 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = Von or 0 
10 
- 
0.05 
-- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
- 
Vdc 


Vin 
= 0 or Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 
(Va· 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(Va 
90 or 1.0 Vdd 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
_. 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.15 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(Va 
~ 0.5 or 4.5 Vdcl 
5.0 
3.5 
. 
3.5 
2.15 
- 
3.5 
- 
Vdc 
(Va 
~ 1.0 or 9.0 Vdcl 
10 
7.0 
.. 
7.0 
5.53 
- 
7.0 
- 
(Va' 
1 5 or 13.5 Vdcl 
15 
11.0 
•. 
11.0 
8.25 
- 
11.0 
- 


Output 
Drtve 
Current 
(AL 
DeVice) 
10H 
mAde 


/VOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


/VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


/VOL : 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Current 
(CLlCP 
DeVice) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


/VOH 
= 4.6 Vdcl 
5.0 
-0.52 
.. 
-0.44 
-0.88 
- 
-0.36 
- 


/VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


/VOH = 13.5 Vdcl 
15 
-36 
- 
-3.0 
-8.8 
_. 
-2.4 
- 


(VOL: 
0.4 Vdcl 
$lOk 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
.. 
mAde 
(VOL: 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
',n 
15 
to 
1 
'000001 
,01 
!10 
IJAdc 


Input 
Current 
(CL/CP 
DeVice) 
I,n 
15 
. 
, 0.3 
'000001 
'0.3 
, 1.0 
,.,Adc 


Input 
Capacitance 
C,n 
- 
-- 
- 
50 
7.5 
- 
- 
pF 


(V,n 
'·01 


QUiescent 
Current 
tAL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
50 
- 
150 
,.,Adc 


(Per 
Package) 
10 
. 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Currenl 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
-- 
150 
J..I.Adc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
. 
0.015 
80 
- 
600 
Total Supply Current·· 
t 
IT 
5.0 
IT - 
(1.2 
.A/kHz) 
I • 100 
",Adc 


(DynamiC 
plus 
QUiescent. 
10 
'T - 
12.4 ",A/kHz) 
f 
+ 100 
Per Package) 
15 
IT 
.• 13.6 
J,lA/kHz) 
f 
t 100 
ICL 
" 50 
pF 
on all outputs, 
all 


buffers 
SWitching) 


This device contains 
protection 
circuitry to guard against damage 
due to 
high 
static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be 
taken 
to avoid applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For proper 
operation, 
Vin and 
Vout should be constrained 
to the range VSS 
:EO; (Vin or Vout) 
'lS:: VOO. 


Unused 
inputs must always 
be tied to an appropriate 
logic voltage 
level 
(e.g., either VSS or VOO). Unused outputs 
must be left open. 


Ch.Kterittic 
Symbol 
VOO 
Min 
Typ" 
Max 
Unit 


Output Rise and Fall Time 
ITLH· 
ns 


tTlH. tTHl 
= (1.5 ns/pF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 


tTlH, tTHL = (0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTLH. tTHl 
•• (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


ProPagation Deley Time 
lPLH, 
ns 


Clock, 
Dill 
10 a 
lpHL 
lPLH, 
lPHL 
• 11.7 ns/pFI 
CL + 225 ns 
5.0 
- 
310 
750 


lPLH, 
lpHL 
- 10.66 ns/pFI 
CL + 92 ns 
10 
- 
125 
250 


lPLH, 
lPHL 
- 10.5 ns/pFI 
CL + 65 ns 
15 
- 
90 
170 
Reset to a 


lpLH, 
lPHL 
- 11.7 ns/pFI 
CL + 375 ns 
5.0 
- 
460 
750 


lPLH, 
lPHL 
- 10.66 ns/pFI 
CL + 147 ns 
10 
- 
180 
250 


lPLH, 
lPHL 
- 10.5 ns/pFI 
CL + 95 ns 
15 
- 
120 
170 


Clock PulseWidth 
- 
5.0 
400 
185 
ns 
twH 
10 
175 
85 
- 
15 
135 
55 
- 
Clock Pulse Frequency 
'el 
5.0 
- 
2.0 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
7.5 
3.75 


Clock Pulse Rise end Fell Time. 
lTLH,lTHL 
5.0 
- 
- 
'5 
••s 
10 
- 
- 
5 
15 
- 
- 
4 
Reset PulseWidth 
twH 
5.0 
400 
200 
ns 
10 
160 
80 
- 
15 
120 
60 
- 


setup Time 
'su 
5.0 
350 
100 
- 
ns 


10 
100 
50 
- 
15 
75 
40 
- 


·The formulas given are for typical characteristics only at 25°C. 


#Oata labelled "Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance. 
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® MOTOROLA 


The 
MC14016B 
quad 
bilateral 
switch 
is constructed 
with 
MOS 
p. 


channel 
and 
N·channel 
enhancement 
mode 
devices 
in a single 
mono· 


lithic 
structure. 
Each 
MC14016B 
consists 
of 
four 
independent 


switches 
capable 
of 
controlling 
either 
digital 
or 
analog 
signals. 
The 


quad 
bilateral 
switch 
is used 
in 
signal 
gating, 
chopper, 
modulator, 


demodulator 
and CMOS 
logic 
implementation. 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
~ 3.0 Vdc to 18 Vdc 


• 
Linearized Transfer Characteristics 


• 
Low Noise 
- 
12nV/YCycle, 
f;;.1 kHz typical 


• 
Pin-for-Pin 
Replacement 
for CD4016B, 
CD4066B 


• 
For 
Lower 
RON, 
Use 
The 
HC4016 
High-Speed 
CMOS 
Device 
or 
The MC14066B 
• 
This 
Device 
Has 
Inputs 
and 
Outputs 
Which 
Do 
Not 
Have 
ESD 
Protection. 
Antistatic 
Precautions 
Must Be Taken. 


Symbol 
Paramatar 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to Voa 
+ 0.5 
V 


lin 
Input Current (DC or Transient), per Control Pin" 
""0 
mA 


Isw 
Switch Through Current 
"'25 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
°C 
h 
Lead Temperature (a-Second Soldering) 
260 
°C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: - 12mW/oC from 65°C to 85°C 
Ceramic "l" 
Package: -12mWrC from 10QoG 
to 125°C 


This device contains 
protection 
circuitry 
to guard against 
damage 
due to high 
static voltages 
or electric 
fields. 
However, precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 


to the range 
VSS ••• (Vin or Vout) 
'" VOD. 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., 


either VSS or VOO). Unused outputs 
must be left open. 


,._.,~ 


Logic Diagram Restrictions 
In 


VSS 
~Vin 
~VOD 


VSS 
<Vout 
~VDO 


QUAD ANALOG 
SWITCH 
QUAD MULTIPLEXER 
~- 
'4"l~~)) U 
~ ,J'yrHlt ~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


C Series: 
- 40·C to + 85"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


BLOCK 
DIAGRAM 


~ 


Control 
1 
2 


1 
Out 
1 


In 
1 


5 


con"OI2~ 


4 
Out2 


In 2 


con"OI3~ 


8 
Out 
3 


In 3 


con"OI4~ 
10 
11 
Out 
4 


In 4 


VOD 
= PIn 
14 


VSS 
= Pin 
7 


CONTROL 
SWITCH 


0= 
VSS 
OFF 


1 = VDD 
ON 


•• 


• 


Voo 
Tlow· 
25°C 
Thigh- 


CharKtwistics 
Figur. 
Symbol 
Vd. 
Min 
Mox 
Min 
Typ ••• 
Mox 
Min 
Mo. 
Unit 


Input Voltage 
1 
VIL 
5.0 
- 
- 
- 
1.5 
0.9 
- 
- 
Vdc 
Control Input 
10 
- 
- 
- 
1.5 
0.9 
- 
- 


15 
- 
- 
- 
1.5 
0.9 
- 
- 


VIH 
5.0 
- 
- 
3.0 
2.0 
- 
- 
- 
Vdc 
10 
- 
- 
8.0 
6.0 
- 
- 
- 


15 
- 
- 
13 
11 
- 
- 
- 


'npUt Current tAL 
Device) Control 
- 
lin 
15 
- 
!0.1 
- 
!0.00001 
!0.1 
- 
! 1.0 
,uAde 


'nput Current (CL/CP Device) Control 
- 
lin 
15 
- 
!0.3 
- 
!O.OOOOI 
!0.3 
- 
!l.0 
J,lAdc 


Input Capecit8nce 
- 
Cin 
pF 
Control 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch Input 
- 
- 
- 
- 
5.0 
- 
- 
- 


Switch 
Output 
- 
- 
- 
- 
5.0 
- 
- 
- 


Feed Through 
- 
- 
- 
- 
0.2 
- 
- 
- 


Quiescent Current (AL Oevice)H 
2,3 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
,uAdc 


(Por Po.kogol 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent Current (eLlep 
Devicer~ 
2,3 
'DO 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
,uAdc 


(PorPackage) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


"ON" 
Resistance 
(AL Device)" 
4,5,6 
RON 
Ohms 
(VC: 
VDD, RL : 10 knl 
(Vin • +5.0 Vdc) 
5.0 
- 
600 
- 
300 
660 
- 
960 
(Vin = -5.0 
Vd.) 
Vss 
= -5 
Vdc 
- 
600 
- 
300 
660 
- 
960 
(V in • to.25 
Vdc) 
- 
600 
- 
280 
660 
- 
960 


(Vin - +7.5 Vdcl 
7.5 
- 
360 
- 
240 
400 
- 
600 
(Vin - -7.5 
Vdc) Vss 
- -7.5 
Vd. 
- 
360 
- 
240 
400 
- 
600 
(Vin· 
to.25 
Vd.) 
- 
360 
- 
180 
400 
- 
600 


(Vin 
• +10 Vd.) 
10 
- 
600 
- 
260 
660 
- 
960 
(V in • +0.25 Vd.) 
Vss 
= 0 Vd. 
- 
600 
- 
310 
660 
- 
960 
(Vin - +5.6 Vdc) 
- 
600 
- 
310 
660 
- 
960 


(Vin· 
+15 Vd.) 
15 
- 
360 
- 
260 
400 
- 
600 


IV in • +0.25 Vdcl Vss 
- 0 Vdc 
- 
360 
- 
260 
400 
- 
600 
IV in = +9.3 Vdc) 
- 
360 
- 
300 
400 
- 
600 


"ON" 
Resistance (eLle? 
Device)" 
4,5,6 
RON 
Ohms 


(VC - VDD, RL = 10 knl 
IVin • +6.0 Vdc) 
5.0 
- 
610 
- 
300 
660 
- 
840 
(V in • -5.0 
Vdcl Vss 
- -5 
Vdc 
- 
610 
- 
300 
660 
- 
840 
(V in - to.25 
Vdcl 
- 
610 
- 
280 
660 
- 
840 


IV in • +7.5 Vdcl 
7.5 
- 
370 
- 
240 
400 
- 
520 
(Vin· 
-7.5 
Vdc) Vss 
- -7.5 
Vdc 
- 
370 
- 
240 
400 
- 
520 
(Vin • to.25 
Vdc) 
- 
370 
- 
180 
400 
- 
520 


(Vin • +10 Vdcl 
10 
- 
610 
- 
260 
660 
- 
840 
IVin • +0.25 
Vd.) 
Vss 
- 0 Vd. 
- 
610 
- 
260 
660 
- 
840 
(Vin • +5.6 Vd.) 
- 
610 
- 
310 
660 
- 
840 


(Vin - +15 Vdcl 
15 
- 
370 
- 
260 
400 
- 
520 
(Vin • +0.25 
Vd.) 
Vss 
• 0 Vdc 
- 
370 
- 
260 
400 
- 
520 
(Vin • +9.3 Vdcl 
- 
370 
- 
300 
400 
- 
520 


b.'·ON" 
Resilt.nce 
- 
/IRON 
Ohms 
Between eoy 2 circuit. in a common 
po.~ 


IVC·VDD) 
(V in • t5.0 
Vd.1 Vss 
• -5 
Vdc 
5.0 
- 
- 
- 
15 
- 
- 
- 
(Vin • t7.5 
Vd.1 Vss 
=-7.5Vd. 
7.5 
- 
- 
- 
10 
- 
- 
- 


Input/Output 
Lookage Current 
(VC - Vss) 
- 
- 
IVin· 
+7.5, 
Vout 
= -7.5 
Vd.) 
7.5 
- 
to.l00 
- 
!0.0015 
!0.100 
- 
! 1.0 
,uAdc 


IVin· 
-7.5, 
Vout 
- +7.5 Vdc) 
7.5 
- 
!0.100 
- 
!0.0015 
!0.100 
- 
11.0 


·TIow· 
_55°C 
for AL Devico, -40°C 
for CL/CP 
Device. 


Thigh· 
+1250C 
for AL Device, +850C for CL/CP Device. 


#Data labelled "Typ" 
is not to be used tor design purposes but is intended as an indication of the Ie's potential performance. 


uFor voltage drops across the switch (dVswitch) 
>600 mV (>300 mV at high temperature), excessive VOO current may be drawn; i.e .. the 
current out of the switch may contain both Voo 
and switch input components. The reliability of the device will be unaffected unless the 
Maximum Ratings are exceeded. (See first page of this data sheet.) Reference Figure 14. 


Characteristic 
Figure 
Symbol 
YOO 
Min 
Typ ••• 
Mo. 
Unit 
Ydc 


ProPagation DeilY Time (VSS - 0 Vdc) 
7 
tpLH, 
5.0 
- 
15 
45 
ns 


Vin to Vout 
tPHL 
10 
- 
7.0 
15 


lVe - VOO. AL - 10 kn) 
15 
- 
6.0 
12 


Control to Output 
8 
'PHZ· 
5.0 
- 
34 
I 
90 
ns 
(Vin C; 10 Vdc, AL: 
1.0 knl 
IplZ· 
10 
- 
20 
45 
IpZH· 
'PZL 
15 
- 
15 
35 


Crosstalk. Control to Output (VSS •• 0 Vdcl 
9 
- 
5.0 
- 
30 
- 
mY' 


(Ve : VOO. Ain = 1.0 kn, Aou •• 
10 kn. 
10 
- 
SO 
- 
f = 1kHz) 
15 
- 
100 
- 


Crosstalk between Bny two switches (VSS - 0 Vdc) 
- 
- 
5.0 
- 
-80 
- 
d8 
(AL - 1.0 kn. 
f = 1.0 MHz, 
Voutl 
crosstalk:: 
20 10910 --) 
VO\,u2 


Noise Voltage (VSS = 0 Vdc) 
10,11 
- 
5.0 
- 
24 
- 
nVI..jeycle 


IVe 
= VOO. f - 100 Hz) 
10 
- 
25 
- 


15 
- 
30 
- 


(Ve = VOO. f· 
100 kHz) 
5.0 
- 
12 
- 


10 
- 
12 
- 


15 
- 
15 
- 


Second Harmonic Distortion (VSS = - 5 Vdc) 
- 
- 
5.0 
- 
0.16 
- 
" 
(Vin: 
1.77 Vdc AMS Centered @ 0.0 Vdc, 
AL: 
10 kn. f - 1.0 kHz) 


Insertion Lou (VC 
:IE VOO. Vin "" 1.77 Vdc. Vss:: 
-5 Vdc. 
12 
- 
5.0 
- 
d8 
AMS centered· 
0.0 Vdc. f • 1.0 MHz) 
Vout 
'loss· 
20 10910--) 
Vin 
lAL 
= 1.0 kn) 
- 
2.3 
- 
lAL -10 
knl 
- 
0.2 
- 


lAL· 
100 knl 
- 
0.1 
- 
(AL· 
1.0 Mn) 
- 
0.05 
- 


Bandwidth 
1-3 dBI 
12,13 
8W 
5.0 
- 
MHz 
lVe • VOO, Vin • 1.77 Vdc. VSS = -5 Vdc. 
AMS conterod @ 0.0 Vdcl 
lAL· 
1.0 knl 
- 
54 
- 


lAL 
= 10 knl 
- 
40 
- 


lAL: 
100 knl 
- 
38 
- 


lAL' 
1.0 Mnl 
- 
37 
- 
OFF Channel Feedthrough Attenuation (VSS - - 5 Vdc) 
- 
- 
5.0 
- 
kHz 


lYe· 
Vss 
20 10910vout• 
-SO d8) 


• 
vin 
IAL = 1.0 kn) 
- 
12SO 
- 
IAL = 10kn) 
- 
140 
- 


lAL' 
100 kn) 
- 
18 
- 
(AL' 
1.0 Mn) 
- 
2.0 
- 


PIN ASSIGNMENT 


1 
14 


2 
13 


3 
12 


4 
11 


5 
10 


6 
9 


7 
B 
•• 


100k 
1.0M 


fe. FREQUENCY1Hz) 


TYPICAL 
RON versus INPUT VOLTAGE 


FIGURE 4 - Vss· 
-5.0 V AND -7.5 V 
FIGURE 5 - Vss· 
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Figure A illustrates 
use of the Analog 
Switch. 
The 
0-to-5 V Digital Control 
signal is used to directly 
con- 
trol a 5 Vp_p analog 
signal. 


The digital 
control 
logic 
levels 
are determined 
by 
VOO and VSS. The VOO voltage 
is the logic high volt- 
age; the VSS voltage 
is logic 
low. For the example, 


VOO = 
+ 5V = logic high at the control 
inputs; 
VSS 
= GNO = OV = logic low. 


The maximum analog signal level is determined 
by 
VOO and VSS' 
The analog voltage 
must 
not 
swing 
higher than VOO or lower than VSS' 


The example shows a 5 Vp_p signal which allows no 
margin at either peak. If voltage transients 
above VOO 
and/or below VSS are anticipated 
on the analog chan- 
nels, 
external 
diodes 
(Ox) 
are 
recommended 
as 
shown in Figure B. These diodes should be small sig- 
nal types able to absorb the maximum anticipated 
cur- 
rent surges during 
clipping. 


The 
absolute 
maximum 
potential 
difference 
be- 
tween VOO and VSS is 18.0V. 
Most parameters 
are 
specified 
up to 15V which 
is the recommended 
maxi- 


mum difference 
between VOO and VSS. 


5 Vp_p 


Analog 
Signal 


External 
CMOS 


Digital 
Circuitry 


5 Vp_p 


Analog 
Signal 


VDD 
VDD 


Ox 
Ox 


Switch 
Switch 
In 
Out 


Ox 
Ox 


VSS 
VSS 
• 


II 


@MOTOROLA 


The Me'40178 
is a five-stage 
Johnson decade counter with built-in 
code converter. High speed operation and spike-free outputs are obtained 
by use of a Johnson decade counter design. The ten decoded outputs are 
normally low, and go high only at their appropriate 
decimal time period. 
The output changes occur on the positive-going 
edge of the clock pulse. 


This part can be used in frequency division applications as well as decade 
counter or decimal decode display applications. 


• 
Fully Static Operation 


• 
DC Clock 
Input Circuit 
Allows 
Slow Rise Times 


• 
Carry Out Output 
for Cascading 


• 
Divide-by-N 
Counting 


• 
Supply Voltage 
Range 
= 3.0 Vdc to , B Vdc 


• 
Capable 
of Driving 
Two low-power 
TTl 
loads 
or One low-power 
Schottky 
TTl 
load 
Over the Rated Temperature 
Range 


• 
Pin-for-Pin 
Replacement 
for CD40'78 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.510+180 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOO +05 
V 


lin, 
lout 
Input or Output Current (DC or Transient), per Pin 
",10 
mA 
Po 
Power 
Dissipation. 
per 
Packaget 
500 
mW 


TS10 
Storage Temperature 
- 65 to + 150 
°C 


TL 
Lead Temperature (a-Second Soldering) 
260 
°C 


aMaximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
10 the 
device 
may 
occur. 


tTemperature 
Derating 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65"C 
to 
85"C 
Ceramic 
"L" Package: 
-12mwrC 
from 10Q"C to 125"C 


~J'l~Yt)t 1 l,. 


CSUFFIX 


CERAMIC 
PACKA.GE 


CASe 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 648 


C Series: 
- 40"C 
to 
+ 85"C 
MC14XXXBCP 
(Plastic 
Package) 


MCt4XXXBCL 
(Ceramic 
Package) 


CWCK 
DECODE 


CLOCK 
ENABCE 
RESET 
OUTPUT 
c n 


0 
X 
0 
n 


X 
, 
0 
n 


X 
X 
, 
00 
~ 
0 
0 
n' 
, 
'- 
X 
0 
n 


X 
-r- 
0 
n 
, 
'- 
0 
no' 


Clock 
140- 
00 


01 


02 


03 


ClOck 
\3 
En.b'ie 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ 
•• 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vin = VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
.. 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
50 
- 
495 
- 
Vdc 


Vin 
= 0 or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
.. 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage 
"0" 
Level 
VIL 
Vdc 


(VO 
~ 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
225 
1.5 
- 
1.5 


(VO 
= 9.0 
or 1.0 
Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
~ 
13.5 
or 
1.5 
Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 


(VO 
~ 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3..5 
2.75 
- 
3.5 
- 
Vdc 


(VO 
~ 
1.0 or 9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Vo 
= 1.5 or 13.5 
Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


(VOH 
~ 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
~ 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
~ 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
~ 
13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
~ 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
- 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
- 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CL/CP 
Devicel 
IOH 
mAde 


(VOH 
- 
2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1. 
7 
- 


(VOH 
~ 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
- 
9.5 Vdc) 
10 
-1.3 
- 
-1. 
1 
-2.25 
- 
-0.9 
- 


(VOH 
~ 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
-2.4 
- 


(VOL 
- 
0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
.. 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
- 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
~ 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input Current 
(Al 
Devicel 
lin 
15 
- 
to 
1 
· 
,000001 
,01 
- 
.! 1.0 
""Ade 


Input 
Current 
(CL/CP 
DeVice) 
lin 
15 
- 
'03 
· 
'000001 
, 0.3 
- 
, 1.0 
,uAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
'" 01 


Quiescent 
Current 
IAL 
DeVIce) 
100 
50 
. 
50 
- 
0.005 
50 
- 
150 
IJAdc 


(Per 
Package) 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.Q15 
20 
- 
600 


QUIescent 
Current 
(CL/CP 
DeVIce) 
100 
50 
- 
20 
.. 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
80 
· 
0.Q15 
80 
- 
600 


Total 
Supply 
Current·· 
t 
IT 
50 
IT • 10.27 "AlkHz) 
f + 100 
,uAdc 


(DynamIc 
plus 
Ouiescent. 
10 
IT = (0.55 "A/kHz) 
f + 100 
Per Package) 
15 
IT = (0.83 ~A/kHz) 
f + 
'DO 


(CL 
'" 50 
pF 
on all outputs, 
all 


buffers 
sWItching) 


This device contains 
protection 
circuitry 
to guard 
against 
damage 
due 
to high 
static 
voltages 
or electric 
fIelds. 
How- 


ever, 
precautions 
must 
be 
taken 
to 
avoid applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high-impedance 
circuit. 
For proper 
op- 


eratlon, 
Vin and 
Vout 
should 
be 
con- 
strained 
to 
the 
range 
VSS 
~ 
(Vin 
or 


Voul) 
'" VOO· 


Unused inputs must always be tied to an 
appropriate 
logic voltage 
level (e.g., ei- 


ther VSS or VOO). Unused 
outputs must 


be left open. 


•• 


• 


Ch.rKte,iatic 
Symbol 
VOO 
Min 
Typ '" 
Ma. 
Unit 
Vdc 


Output Rise and Fall Time 
'TLH' 
ns 
tTLH, tTHL - 
(1.5 ns/pF) CL + 25 ns 
tTHL 
5,0 
- 
100 
200 


tTLH, 'THL - 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


tTLH, 'TI1L - 
(0.55 nslpF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
'PLH, 
ns 


Reset to DecIde 
Output 
tPHL 
tPLH, tPHL' 
(1.7 nslpFI CL + 415 ns 
5.0 
- 
500 
1000 


tPLH, tPHL • (0.66 nslpFI 
CL + 197 ns 
10 
- 
230 
460 


'PLH, tPHL' 
(0.5 nslpFI 
CL + 150 ns 
15 
- 
175 
350 


Propagation 
Delay Time 
tPLH, 
ns 


Clock to Cout 
tPHL 
tPLH. tpHL = 11.7 nslpFI 
CL + 315 ns 
5.0 
- 
400 
800 


tPLH, tPHL' 
10.66 nslpFI CL + 142 ns 
10 
- 
175 
350 


tPLH, tPHL = (0.5 nslpFI CL + 100 ns 
15 
- 
125 
250 


Propagation 
Delay Time 
tPLH. 
ns 


Clock to Decode Output 
tPHL 
tPLH. tPHL = 0.7 
nslpFI 
CL + 415 ns 
5.0 
- 
500 
1000 


tPLH. tPHL' 
10.66 nslpFI 
CL + 197 ns 
10 
- 
230 
460 


tPLH. tPHL • 10.5 nslpFI 
CL + 150 ns 
15 
- 
175 
350 


Turn-Off Delay Time 
tPLH 
ns 


Reset to Cout 
tpLH' 
(1.7 nslpFI 
CL + 315 ns 
5.0 
- 
400 
800 
tPLH • (0.66 nslpF I CL + 142 ns 
10 
- 
175 
350 
tPLH = 10.5 nslpFI 
CL + 100 ns 
15 
- 
125 
250 


Clock Pulse Width 
tw(HI 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 


15 
75 
35 
- 


Clock Frequency 
lei 
5.0 
- 
5.0 
2.0 
MHz 
10 
- 
12 
5.0 
15 
- 
16 
6.7 
A;;;tP~lse Width 
'W(H) 
5.0 
500 
250 
- 
ns 
10 
250 
125 
- 


--=-------_. 


15 
190 
95 
- 


Reset Removal TIme 
trem 
5.0 
750 
375 
- 
ns 
10 
275 
135 
- 


15 
210 
105 
- 


Clock Input Rise and Fall Time 
tTLH, 
5.0 
- 
'THL 
10 
No Limit 
15 


Clock Enable setup Time 
tsu 
5.0 
350 
175 
- 
ns 
10 
150 
75 
- 


15 
115 
52 
- 


Clock Enable Removal Time 
trem 
5.0 
420 
260 
- 
ns 
10 
200 
100 
- 


15 
140 
70 
- 


A' 
02 
03 


04 


A•• 
t 
05 


06 


07 
as 


09 


Clock 
Coul 


OUTPUT 
OUTPUT 
SINK 
DRIVE 
SOURCE 
DRIVE 


Clock to 
DECODE 
(SlloAI 
desired 
OUTPUTS 
outputs 
(SIlO 
HI 


Clock 
to 5 
Carry 
thru 9 
51 to A 
(51 
to B) 


VGS 
'" 
VOO 
~Voa 
Vas :- 
Vout 
Vout-Voa 


00 
A' 


Clock 
En.blll 
02 


03 


04 


A.set 
05 


06 
'e 
07 
Clock 
as 


APPLICATIONS 
INFORMATION 


Figure 
3 shows 
a technique 
for extending 
the number 
of decoded 
output 
states 
fo{ the MC14017B. 
Decoded 
outputs 
are sequential 
within 
each stage and from stage to stage, with no dead time {except propagation 
delay I. 


Clock 
et' 
MC'40178 


Reset 
Clock 
_ 
MC'40178 
C. 


Clock 
_ 
MC140118 
CE 


01 
••• 
0809 


@MOTOROLA 


The MC14018B contains five Johnson counter stageswhich are 
asynchronously 
presettable 
and 
resettable. 
The 
counters 
are 
syn- 
chronous, and increment on the positive going edgeof the clock. 


Presetting 
is accomplished by a logic 1 on the preset 
enable 
input. 
Data on the Jam Inputs will then be translerred to their respective 
o outputs 
(invertedl. 
A logic 1 on the reset input will cause all 
Q outputs to go to a logic 1 state. 


Division by any number from 2 to 10 can be accomplished by 
connectIng 
appropriate 
Q outputs 
to 
the 
data 
input, 
as shown 
in 
the Function 
Selection table. Anti·lock 
gating is included in the 
MC14018B to assureproper counting sequence. 


• 
Fully Static Operation 
• 
Schmitt T"gger on Clock Input 


• 
Capable of Driving Two low-power 
TTl 
loads 
or One low-power 


Schottky TTl 
load 
Over the Rated Temperature Range 


• 
PIn·lor·Pin Replacement for CD40188 


MAXIMUM 
RATINGS· 
(VMages 
Relerenced 
'0 
VSS) 


Symbol 
Per.met.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
- 05 
to 
+ 16 0 
V 


V1n 
Voul 
Input 
or Output 
Voltage 
(DC 
or 
Transient) 
-05 
to VOO 
+05 
V 


I,n· lout 
Input 
or Output 
Current 
(DC 
or 
Transient), 
per 
Pin 
~10 
mA 


Po 
Power 
DISSIpation. 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 65 to 
+ 150 
°C 


TL 
Lead 
Temperature 
(B-Second 
Soldering) 
260 
°C 


'Maximum 
Rallngs 
are 
Ihose 
values 
beyond 
whIch 
damage 
10 the 
device 
may 
occur 


tTemperalure 
Deratln~ 
Plastic 
..p" 
Package 
- 
12mW;oC 
lrom 
65°C 
10 85°C 


Ceramic 
"L" 
Package 
- 
12mW/oC 
lrom 
100°C 
to 
125°C 


This device contains 
protection 
circuitry 
10guard against damage 
due 10 
high 
stallc 
voltages 
or electflC 
fields. 
However, 
precautions 
must 
be 
taken to aVOid applications 
of any voltage 
hIgher 
than maximum 
rated 
voltages 
to this high-Impedance 
circuit 
For proper 
operation, 
Vin and 
Vout should be constrained 
10 the range VSS """"(Vln or Vout) ~ VOO 


Unused inputs must always be lied to an appropflate 
logic voltage 
level 
(e.g., eIther VSS or VOO) 
Unused outputs 
must be left open. 


PRESETTABLE 


DIVIDE·BY-N 
COUNTER 


l 
SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PL4.STIC 
PACKAGE 


CASE 
648 


C Senes 
- 40·C to 
+ 8S·C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


r----- 
I~ 
~r--x- 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 • 


• 


Voo 
T1ow• 
25°C 
Tho••••• 


Charflcteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ '" 
M•• 
M,n 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V1n 
=: VOO 
or a 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V In = a or VOO 
10 
9.95 
- 
995 
10 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vol(age 
"0" Level 
VIL 
Vdc 


(Va'"' 
4.5 or 0.5 
Vdcl 
5.0 
1.5 
2.25 
1.5 
- 
1.5 


(Vo : .90 
Or 10 Vdcl 
10 
3.0 
4.50 
30 
- 
3.0 


(Vo' 
13.5 or 1.5 Vdcl 
15 
.- 
4.0 
. 
6.75 
4.0 
- 
4.0 


", 
.. Level 
V'H 
1VO' 
0.5 0' 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO - 1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO'" 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dove 
Current 
(AL 
Devlcel 
IOH 
mAde 


1VOH - 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH ' 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH ~ 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH ~ 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
051 
088 
- 
0.36 
- 
mAde 


(VOL ~ 05 
Vdcl 
10 
1.6 
- 
1.3 
225 
- 
0.9 
- 


(VOL ~ 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
DeVice) 
'OH 
mAde 


(VOH ~ 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
·4.2 
-1.7 
.. 


(VOH ~ 4.6 Vdcl 
5.0 
-0.52 
_. 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH ~ 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH ~ 13.5 Vdcl 
15 
-3.6 
-3.0 
-8.8 
- 
-2.4 
.. 


(VOL ~ 0.4 Vdcl 
S,nk 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL ~ 0.5 Vdcl 
10 
13 
.. 
1.1 
2.25 
- 
09 
- 


(VOL ~ 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 


Input 
Current 
(AL 
DeVice) 
lin 
15 
.. 
±O,l 
'000001 
~0 1 
- 
t 1.0 
.uAde 


Input Current 
ICLlCP 
Devicel 
lin 
15 
'03 
- 
t 0.0000 1 
'03 


.. 
!: 10 
SJAde 


Input CapacItance 
Gin 
- 
- 
50 
7.5 
pF 


(Vin 
0' 


QUiescent 
Current 
IAL 
Devlcel 
'00 
50 
- 
5.0 
- 
0.005 
50 
- 
150 
I-IAdc 


(Per 
Package) 
10 
10 
- 
0.010 
10 
300 
15 
20 
0.015 
20 
600 


QUlescenl 
Current 
(CLfCP 
Devlcel 
'DO 
50 
- 
20 
0.005 
20 
150 
IJAdc 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
.. 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
f 
IT 
50 
IT = 10.3 ••A/kHz) 
f + 100 
#lAde 
(DynamiC 
plus 
Quiescent. 
10 
IT' 
10.7 ••A/kHz) f + 'DO 


Per Package) 
15 
IT = 11.0 ••A/kHz) 
f + 100 
(CL 
50 pF 
on all Outputl, 
all 


buffp.rs 
switching) 


Voo 
All Types 


Ch.rKteristic 
Symbol 
Vdc 
Min 
Typ ••• 
M•• 
Unit 


Output Rise and Fall Time 
tTLH. 
tTHL 
ns 


tTLH. 
tTHL: 
11.35 ns/pF) 
CL + 32 n. 
5.0 
- 
100 
200 


tTLH. 
tTHL 
= 10.6 ns/pFI 
CL + 20 ns 
10 
- 
50 
100 


tTLH. 
tTHL 
= 10.4 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Propagation 
oelav Time 
tPLH. 
ns 


Dock to a 
tPHL 
tPLH.'PHL 
= 10.90 ns/pFI 
CL + 265 ns 
5.0 
- 
310 
620 
tpLH.tPHL 
= 10.36 ns/pF) 
CL + 102 n. 
10 
- 
120 
240 
tPLH.tPHL 
= 10.26 n.!pFI 
CL + 72 ns 
15 
- 
85 
170 


Reset to Q 
ns 


tPLH 
= 10.90 ns/pFI 
CL + 325 n. 
5.0 
- 
370 
740 
tPLH 
= 10.36 ns/pF) 
CL + 132 ns 
10 
- 
150 
300 
tpLH 
= 10.26 nslpFI 
CL + 81 ns 
15 
- 
100 
200 


Preset Enable to Q 
ns 


tPLH.tPHL: 
10.90 ns/pF) 
CL + 325 ns 
5.0 
- 
370 
740 
tpLH.tPHL 
= 10.36 ns/pFI 
CL + 132 ns 
10 
- 
150 
300 
tPLH.tpHL 
= 10.26 ns/pFI 
CL • 81 ns 
15 
- 
100 
200 


Setup Time 
tsu 
ns 


Data (Pin 11 to Clock 
5.0 
200 
0 
- 
10 
100 
0 
- 


15 
80 
0 
- 


Jam 
Inputs 
to Preset 
Enable 
5.0 
200 
0 
- 
n. 


10 
100 
0 
- 


15 
80 
0 
- 


Data (Jam Inputs)·to-Preset 
th 
5.0 
540 
270 
- 
n. 


Enable Hold Time 
10 
500 
250 
- 
15 
480 
240 
- 


Clock 
Pulse 
Width 
'WH 
5.0 
400 
200 
- 
n. 


10 
200 
100 
- 


15 
160 
80 
- 


Reset or Preset Enable 
tWH 
5.0 
290 
145 
- 
n. 


Pulse Width 
10 
130 
65 
- 


15 
110 
55 
- 


Clock Rise and Fall Time 
tTLH. 
'THL 
5.0 
n. 


10 
No Limit 
15 


Clock 
Pulse 
Frequency 
lei 
MHz 


5.0 
- 
2.5 
1.25 


10 
- 
6.5 
3.25 
15 
- 
8.0 
4.0 


Divide by 10 
Divide by 8 
Olvide by 6 
Divide by 4 
DIvide by 2 


Divide by 9 
Divide by 7 
Divide 
by 
S 
Divide by 3 
II 


Connect 
Data Input 


(Pin 
1) to: 
Comments 


Os 
04 
No ex ternal 
OJ 
components 
needed 
02 
0, 
as.04 
04. 
OJ 
OJ.02 
02.01 


Clock 


Reset 


Preset Enable 
! 
I 


Jam 1 


Jam 2 


Jam 3 


Jam 4 


Jam 5 


01 


02 


03 


04 


aS 


i 
i I I 


I 
i 
I 


! 
i 
I 
' 
, 
i 
: 


0"'0 tC.'f 
Uo,,; Pr••••' {"'.lolf 


('Off 
~""" 


@MOTOROLA 


The MC14020B 14-stage binary counter is constructed with MOS 
P-channel and N-cnannel enhancement mode devices in a single mon- 
olithic 
structure. 
This part is designed with an input wave shaping 
circuit 
and 14 stages of ripple-carry 
binary counter. 
The device 
advances the count on the negative-going edge of the clock pulse. 
Applications 
include time delay circuits, counter controls, and fre- 


Quency-dividing circuits. 


• 
Fully Static Operation 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Buffered Outputs Available from stages 1 and 4 thru 
14 


• 
Common 
Reset 
Line 


• 
Pin-for-Pin Replacement for CD4020B 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
~ to 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to T150 
·C 


TL 
lead 
Temperature (8-Second Soldering) 
260 
·C 


~Maximum Ratings are those values beyond which damage to the device may occur, 
tTemperature 
Derating: 
Plastic "p" 
Package: - 12mwrc 
from 65°C to 85"C 
Ceramic "L" 
Package: - 
12mW/"C 
from 1ao°c to 125"C 


06 
., P n 4 
Q7 
• 
P n 
6 
a8~Pn13 


Qg"'Pin12 
010" 
Pin 14 
all 
= 
Pin 
15 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series' 
-40°C 
to 
+85°C 
MC14XXXBCP 
(Plaslic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


CLOCK 
RESET 
OUTPUT 
ST ATE 
-r 
0 
No Change 


\.... 
0 
Advance 
to n•• t 
state 


X 
1 
All Outputs 
.r.low 


•• 


• 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ" 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
.. 
a 
0.05 
.. 
005 
Vdc 


Vin 
= VOO 
or 0 
10 
- 
0.05 
- 
a 
0.05 
.. 
0.05 


15 
- 
0.05 
- 
a 
0.05 
- 
a as 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
4.95 
Vdc 


Vin 
= 
0 or VOO 
10 
9.95 
- 
995 
10 
- 
9.95 
15 
14.95 
- 
1495 
15 
- 
14.95 


Input 
Voltage 
"0" Level 
V,L 
Vdc 


(Va 
~ 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
.. 
2.25 
1.5 
- 
1.5 


(Va 
~ 9.0 or 1.0 Vdc) 
10 
- 
3.0 
4.50 
·3.0 
- 
3.0 


(Va 
~ 13.5 or 1.5 Vdc) 
15 
4.0 
6.75 
40 
- 
4.0 


.. , .. Level 
V,H 
(Va 
~ 0.5 or 4.5 Vdc) 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
~ 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 . 
5.50 
- 
7.0 
- 
(Va 
~ 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
'OH 
mAde 


(VOH ~ 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
.. 


(VOH ~ 4.6 Vdc) 
5.0 
-0.64 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH ~ 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH ~ 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL ~ 0.4 Vdc) 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL ~ 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL ~ 1.5 Vdc) 
15 
4.2 
.. 
3.4 
8.8 
- 
2.4 
.. 


Output 
Drive Current 
ICLlCP 
DeVice) 
'OH 
mAde 


(VOH ~ 2.5 Vdc) 
Source 
50 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH ~ 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH ~ 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
.. 


(VOH ~ 13.5 Vdc) 
15 
-3.6 
.. 
-3.0 
-8.8 
-2.4 
- 


(VOL ~ 0.4 Vdc) 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
036 
- 
mAde 


(VOL ~ 0.5 Vdc) 
10 
1.3 
. 
1.1 
2.25 
.. 
0.9 
- 


(VOL ~ 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
.. 
,01 
,000001 
!0.1 
, 10 
,lJ.Adc 


Input 
Current 
(CLlCP 
Device) 
'in 
15 
- 
'03 
'0 00001 
'03 
'10 
jJAdc 


Input Capacitance 
Gin 
- 
- 
.. 
50 
7.5 
pF 


(Vin 
C"OI 


Quiescent 
Current 
(AL 
Device) 
100 
50 
- 
50 
- 
0.005 
5.0 
150 
/JAde 


(Per 
Package) 
10 
. 
10 
0.010 
10 
. 
300 
15 
. 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
(ClICP 
Devlcel 
'00 
5.0 
- 
20 
- 
0.005 
20 
.. 
150 
.uAd.c 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
300 
15 
80 
- 
0.Q15 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT • (0.42 "A/.Hz! 
f + 100 
J.lAdc 


(Dynamic 
plus 
Quiescent, 
10 
'T ~ (0.85 "A/kHz! 
I • '00 
Per 
Package) 
15 
IT'" (1.43 .uA!kHz) f 
•. 'DO 
teL ~ 50 pF on all outputs. 
all 


buffers 
switching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid applications 
of any voltage 
higher than maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For proper 
operation, 
Vin and Vout 
should 
be constrained 
to the 
range 
VSS 
~ 
(Vin or Vout) 
~ 
VOD. 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level 
(e.g., 
either 
VSS 
or 
VOO)' Unused 
outputs 
must be left open. 


Voo 
Character'atlc 
Symbol 
Vdc 
Mln 
Typ II 
Mo. 
Unit 


Output Rise and Fall Time 
tTLH, 
ns 


TTLH. TTHL = (1.5 nsJpF) Cl + 25 ns 
'THL 
5.0 
- 
100 
200 


TTLH. 
TTHL = (0.75 
ns/pF) 
CL + 12.5 
ns 
10 
- 
50 
100 


TTLH. 
TTHL = (0.55 
ns/pF) 
CL + 9.5 
ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. 


Clock to at 
tpHL 
ns 


tpHL. 
tplH 
= 
(1.7 
ns/pF) 
CL + 
175 ns 
5.0 
- 
260 
520 
IpHl. tplH 
= (0.66 ns/pF) CL + 82 ns 
10 
- 
115 
230 


IpHL. 
tpLH 
= 
(0.5 
ns/pF) 
CL 
+ 
55 os 
15 
- 
80 
160 


Clock to 014 
ns 


'PHL' 
'PLH 
~ 
(1.7 
ns/pF) 
CL 
+ 1735 ns 
5.0 
- 
1820 
3900 


tPHl. 
tpLH = 
(0.66 
ns/pF) 
Cl 
+ 772 os 
10 
- 
805 
1725 


'pHL. tplH 
= 
(0.5 
ns/pF) 
CL 
+ 535 
os 
15 
- 
560 
1200 


Propagation 
Delay 
Time 
'PHL 
ns 


Reset to On 


tpHL 
= 
(1.7 
ns/pF) 
CL 
+ 285 
ns 
5.0 
- 
370 
740 


tpHL 
= 
(0.66 
ns/pF) 
CL 
+ 
122 
ns 
10 
- 
155 
310 


tPHL 
= 
(0.5 
nS/pF) 
CL 
+ 90 
ns 
15 
- 
115 
230 


Clock 
Pulse 
Width 
tWH 
5.0 
500 
140 
- 
ns 


10 
165 
55 
- 


15 
125 
38 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
2.0 
1.0 
MHz 


10 
- 
6.0 
3.0 


15 
- 
8.0 
4.0 


Clock Rise and Fall Time 
'TLH. 
'THL 
5.0 
- 


10 
No limit 


15 


Reset 
Pulse 
Width 
'WL 
5.0 
3000 
320 
- 
ns 


10 
550 
120 
- 


15 
420 
80 
- 


Reset Removal Time 
trem 
5.0 
130 
65 
- 
ns 


10 
50 
25 
- 


15 
30 
15 
- 


·The formulas 
given are for the typical 
characteristics 
only at 25°C. 


#Data 
labelled 
"Typ" 
is not to be used tor design 
purposes 
but is 


intended 
as an indication 
of the lC's potential 
performance. 


r- 20 "s 
---, r-- 20 "S 


90.,. -x=j- -- 
vOO 
-50% 
- 10" 
1-- 
VSS 


----l 
50% 
Dutv Cycle 
~- 


• 


Clock LIlJl...fl..J LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ LJ -U- LJ 


Reset 
---,~ 
_ 


a' -II.- 
L- L- L- L- L- L- L- L- L- L- L- L- L- 


04 
r_l._ L- L- L- L- L- L- L- L- L- L- 


Q5 
r_l._ L- L- L- L- L- L- L- L- L- 


Q6 
~r_l._ L- L- L- L- L- L_ L- L- 


Q7 
r_l._ L- L- L- l- 
L- L- L- 


Q8 
r_l._ L- L- L- L- L- L- 


Q9 
r_l._ L- L- L- L- L- 


Ql0 
~r_l._L- L- L- L- 


Qll 
~ 
L- l- 
l- 


Q12 
~ 
l- 
l- 


olJ 
~ 
l_ 


Q14 
._~ 


• 


@MOTOROLA 


The MC14014B and MC14021B B-bit static shift 
registers are 


constructed with MOS P-channel and N-channel enhancement mode 
devices in a single monolithic 
structure_ 
These shift registers find 
primary 
use in parallel-to-serial data converSion. synchronous and 
asynchronous parallel input, serial output data queueing; and other 
general purpose register applications 
requiring 
low power and/or 
high noise immunity. 


• 
Asynchronous Parallel Input/Serial Output (MC14021BI 


• 
Synchronous Serial Input/Serial Output 
• 
"0" Outputs from Sixth, Seventh. and Eighth Stages 


• 
Double Diode Input Protection 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TIL 
Loads or One Low-power 
Schottky TIL 
Load Over the Rated Temperature Range 


• 
MC14014B Pin-for·Pin Replacement for CD4014B 
• 
MC14021B Pin·for-Pin Replacement for CD4021B 


Symbol 
P.r.met.r 
V.tue 
Unit 


Voo 
DC Supply Voltage 
- 0510 
- 18 0 
V 


Vm· 
Voul 
Input 
or Output 
Voltage 
(DC 
or TranSient) 
- a 5 to Voo 
- as 
V 


1m. lout 
Input 
or Output 
Current 
(DC 
or TranSient) 
per 
Pm 
='0 
mA 


Po 
Power 
DISSipation, 
per 
Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to - 150 
'C 


TL 
Lead 
Temperature 
(8·Second 
Soldering) 
260 
'C 


*MaXlmum Ratings are those values 
beyond whiCh damage to the deVice may occur 
tTemperature 
Derattng 
PlastiC "p" 
Package 
-, 
2mwrC 
Irom 65°C to 85°C 


CeramiC 
"L" 
PaCkage 
-, 
2mW/"C 
Irom 
1aooe 
to 
125"C 


[O~~!'~~~~~AI 


SEE MC14014B 
I 
___._ 
_ 
--1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
to + 85·C 


MC14XXXBCP 
(Plastic 
Package) 


Me 14XXXBCL 
(Ceramic 
Package) 


TRUTH 
TABLE 
SERIAL 
OPERATION: 


06 
07 
08 
, 
CLOCK 
Os PIS 
t ~ n+6 
t :. n+7 ,- n+8 


n 
.-r- 
0 
0 
0 
, 
, 


n" 
....r- 
1 
0 
, 
0 
n' 2 
....r- 
0 
a 
0 
1 
0 
n' 3 
....r- 
1 
0 
1 
0 
1 
'- 


X 
0 
06 
Q1 
08 


PARALLEL 
OPERATION: 


CLOCK 
'OM 
Os 
PiS 
PM 
MC140148 
MC14021B 
~I 
X 
X 
1 
0 
0 


-.J/ 
I 
X 
X 
t 
1 
1 


·06. 
Q7, & 08 are available e)(ternally 


X '" Don't 
Car. 


• 


@MOTOROLA 


The MC14022B is a four-stage Johnson octal counter with built-in 
code converter. High-speed operation and spike-free outputs are ob- 
tained by use of a Johnson octal counter design. The eight decoded 
outputs are normally low, and go high only at'their appropriate octal 
time period. The output 
changesoccur on the positive-going edge of 
the clock pulse. This part can be used in frequency division appli- 
cations as well as octal counter or octal decode display applications. 


• 
Fully Static Operation 
• 
DC Clock Input Circuit Allows Slow Rise Times 
• 
Carry Out Output for Cascading 
• 
Divide-by·N Counting 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin-for-Pin Replacement for CD4022B 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Vottage 
- 0510 
+ 18 0 
V 


Vtn· 
Vout 
Input 
or Output 
Voltage 
(DC 
or TranSient) 
- 05 
10 VOD 
+ 0 5 
V 


I.n· lout 
Input 
or Output 
Current 
(DC 
or TranSient), 
per 
Pin 
~10 
mA 


Po 
Power 
DISSipation, 
per 
Packaget 
500 
mW 


Tstn 
Storage 
Temperature 
- 6510 + 150 
·C 


TL 
Lead 
Temperature 
(6·Second 
Soldenng) 
260 
·C 


·MaXlmum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
10 the 
deVice 
may 
occur 


tTemperature 
Derating 
PlastiC 
"P" 
Package' 
- 12mWrC 
from 
65°C 
to 
85 


DC 


Ceramic 
"L" 
Package 
- 
12mW/"C 
Irom 
lOODe to 
125°C 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series· 
- 40·C 
to 
+ 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


cr:m:K 
CLOCK 
ENABLE 
RESET 
OUTPUT 
- n 


0 
X 
0 
n 


X 
1 
0 
n 
~ 
0 
0 
n.' 
'- 
X 
0 
n 


1 
--..... 
0 
n" 


X 
-r 
0 
n 


X 
X 
1 
00 


R ••• 
t 
15 


VOO 
• Pin 16 


VSS· 
Pin 8 


VDD 
Tlow " 
25°C 
Thiah" 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ# 
Ma. 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 
(VO . 4.50< 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO " 9.00< 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
.- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO ~ 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO ' 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
15 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(Al 
Device) 
10H 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH ~ 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
05 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
{VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP 
Devicel 
10H 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(AL Devicel 
'in 
15 
- 
,0.1 
- 
'0.00001 
to.1 
- 
t 1.0 
JJAdc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
'03 
- 
'0.00001 
to.3 
- 
, 1.0 
/.lAde 


Input 
Capacitance 
Con 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vj~ 
= at 


Quiescent 
Current 
(AL 
Devicel 
100 
5.0 
- 
50 
- 
0.005 
5.0 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
Devlcel 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
.- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT z 10.28••A/kHz' 
f + 100 
/.lAde 


(DynamiC 
plus Ouiescenl. 
10 
IT· 
10.56••A/kHz) f + 100 


Per Package) 
15 
IT z 10.85••A/kHz) f + 100 
tel" 
50 pF on all outputs. 
all 


buffers 
switching 
I 


This device contains 
protection 
circuitry 
to guard against damage due to 
high static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be 
taken to avoid applications 
of any voltage 
higher 
than maximum 
rated 
voltages 
to this 
high~impedance 
circuit. 
For proper 
operation, 
Vin and 
Vout should be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO. 
Unused inputs must always be tied to an appropriate 
logic voltage level 
(e·9·, either VSS or VOO)' Unused 
outputs 
must be left open. 
• 


• 


CharKteristic 
Symbol 
VOO 
Min 
Typ ••• 
Mox 
Unit 
Vdc 


Output Rise and Fall Time 
tTLH, 
ns 


tTLH, ITHL - 
(1.5 nsJpF) CL + 25 ns 
tTHl 
5.0 
-- 
100 
200 


tTLH, ITHL - 
(0.75 nsJpF) CL + 12.5 ns 
10 
- 
50 
100 


tTLH, tTHL - 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH, 
ns 


Reset to Decode Output 
tPHL 
tPLH, tPHL '11.7 
ns/pFI CL +415 
ns 
5,0 
- 
500 
1000 


tpLH, tPHL' 
10.66 ns/pFI CL + 197 ns 
10 
- 
230 
460 


tPLH, tPHL • 10.5 ns/pFI CL + ISO ns 
15 
- 
175 
3SO 


Propagation 
Delay Time 
tPLH, 
ns 


Clock to Cout 
tPHL 
tpLH, tPHL' 
11.7 ns/pF) CL + 315 ns 
5.0 
- 
400 
800 
tPLH, tPHL' 
10.66 ns/pF) CL + 142 ns 
10 
- 
175 
3SO 
tpLH, tpHL • 10.5 ns/pF) CL + 100 ns 
15 
- 
125 
2SO 


Propagation 
Delay Time 
tpLH, 
ns 


Clock to Decode Output 
tPHL 
tpLH, tPHL = 11.7 ns/pF) CL + 415 ns 
5.0 
- 
275 
1000 


'PLH, 'PHL' 
10,66 ns/pFI CL + 197 ns 
10 
- 
125 
460 


'PLH, tPHL = 0,5 ns/pF) CL + 150 ns 
15 
- 
95 
350 


Turn-Off Delay Time 
tpLH 
n. 


Reset to Cout 
tPLH = 11,7 ns/pFI CL + 315 ns 
5.0 
- 
400 
800 
tPLH' 
(0,66 ns/pFI CL + 142 ns 
10 
- 
175 
350 
'PLH = 10,5 ns/pF) CL + 100 ns 
15 
- 
125 
250 


Clock Pulse Width 
twH 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
15 
75 
35 
- 


Clock Frequency 
'el 
5.0 
- 
5.0 
2.0 
MHz 
10 
- 
12 
5,0 
15 
- 
16 
6.7 


Reset Pulse Width 
twH 
5.0 
500 
250 
- 
n. 
10 
2SO 
125 
- 
15 
190 
95 
- 


Reset Removal Time 
trem 
5.0 
7SO 
375 
- 
ns 
10 
275 
135 
- 
15 
210 
105 
- 


Clock Input Rise and Fall Time 
'TLH, 
tTHL 
5.0 
- 
10 
No Limit 
15 


Clock Enable setup Time 
t.u 
5,0 
3SO 
175 
- 
n. 
10 
ISO 
75 
- 
15 
115 
52 


Clock Enable 
Removal Time 
trem 
5.0 
420 
260 
- 
n. 
10 
200 
100 
- 
15 
140 
70 


500 
I.lF 


QO 


Q1 


Clock 
Enable 
Q2 


Q3 


Q4 


Reset 
Q5 


Q6 


tc 
Q7 
Clock 
Cout 


Output 
Output 


Sink Drive 
Source Drive 


Clock to desired 
Output 


Outputs 
(51 to A) 
(51 to 8) 


Clock to as 
Carry 
thru 07 
Sl 
to A 
(51 to 81 


VG5 
VOO 
-VOO 


Vos 
"" 
Vout 
Vout 
-Voo 


APPLICATIONS 
INFORMATION 
Figure 3 shows a technique for extending the number of decoded output 
states for the 
MCl4022B. 
Decoded outputs are sequential within eachstage and from stage to stage, with no 
dead time (except propagation delay). 


FIGURE 3 - COUNTER 
EXPANSION 


C"E 
MC14022B 


0001 
••• 
Q6 


~ 
60ecoded 
Outputs 
• 


• 
~g 


..J 
1:~ 


~ ~Ij! 
u!l 
0 
u 
a: 
0 


6,9,10 


5.1.11 
5l 


4,2.12 


~~, 


3,8, 
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(f!jMOTOROLA 


The MC14023B and MC14023UB are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure (Comple- 


mentary 
MOS). Their primary 
use is where low power dIssipation 


and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to lB Vdc 


• 
All Outputs Buffered (MC14023B only) 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky 
TTL 
Load 
Over 
the 
Rated 
Temperature 
Range. 
(MC14023B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for-Pin Replacements for CD4023B and CD4023UB. 


Symbol 
Par. meter 
Value 
Unit 


VOO 
DC Supply 
Voltage 
- 0510 
+ 18 0 
V 


Vm, Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VDD 
+ 05 
V 


'In· 
lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pm 
~10 
mA 


Po 
Power 
DIssipation. 
per 
Packager 
500 
mW 


T sIn 
Storage 
Temperature 
- 6510 
+ 150 
·C 


TL 
Lead 
Temperature 
(a-Second 
Soldering) 
260 
·C 


-MaXimum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperature 
Derating 
Plastic 
"p" 
Package 
- 
12mWrC 
from 
65°C 
to B5°C 


Ceramic 
"L" 
Package: 
- 
12mWrC 
from 
10QoC to 
125°C 


See the MCI4001B 
data sheet for complete characteristics of the 
a-Series device. 


Seethe MC14001UB data sheet for complete characteristics for the 
US device. 


voo 
d 


8'6'13~ 
9 
Vss 


This device 
contains 
protection 
circuitry 
to guard 
against 
dam- 


age due to high static 
voltages 
or electric 
fields. 
However, pre- 
cautions 
must 
be taken 
to avoid 
applications 
of any 
voltage 
higher than maximum rated voltages 
to this high-impedance 
cir· 


MC14023B 
MC14023UB 


••••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series: 
- 40°C to + 85°C 
MC14XXXBCP 
or UBCP 
(Plastic 
Package) 


MC14XXXBCL 
or UBCL 
(Ceramic 
Package) 


LOGIC 
DIAGRAM 
:3=0-9 


Voo - Pin 1. 


VSS - 
Pin 
7 


"3=0- 
12 
10 


13 


n 


~14 


MC14023UB d nd nd 


cuit. For proper 
operation. 
Vin and Vout should 
be constrained 


to the range VSS '" (Vin or Voul) '" VOO. 
Unused inputs must always be lied to an appropriate 
logic voltage 


level (e.g., either VSS or VOD). Unused outputs must be left open. 


• 


@MOTOROLA 


The MC14024B is a seven stage ripple counter with short propagation 
delays and high maximum 
clock rates. The Reset input has standard 
noise immunity, 
however the Clock input has increased 
noise immunity 
due to Hysteresis. 
The output of each counter stage is buffered. 


• 
Diode Protection 
on All Inputs 


• 
Output 
Transitions 
Occur on the Falling Edge of the Clock Pulse 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Pin·for·Pin Replacement for CD4024B 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply 
Voltage 
-0.5to+18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
-0.5 
to VOO +0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
""0 
mA 
Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tslo 
Storage Temperature 
-65 
to 
~ 150 
·C 


TL 
lead Temperature (a-Second Soldering) 
260 
·C 


·Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65°C 
to 
85°C 
Ceramic "l" 
Package: - 12mWrC 
from lOOoe to 125°C 


Q3" 
Pin 9 
04:Pin6 
05'" 
PinS 


SEVEN STAGE 


RIPPLE COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASe 
632 


P SUFFIX 
Pl.ASTIC PACKAGE 


CASE6.6 


C Series: 
- 4QoC to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
Tlow. 
25°C 
ThiGh• 


Chafact.ristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ" 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOO 
or 0 
10 
.- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.. , •• Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
_. 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" Level 
VIL 
Vdc 


1VO 
4.5 
or 0.5 Vdc) 
5.0 
1.5 
2.25 
1.5 
- 
1.5 


1VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO 
13.5 or 
1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
.- 
4.0 


", 
•. Level 
VIH 
1VO .. 0.50,4.5 
Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO ~ l50r 
135Vdcl 
15 
11.0 
- 
11.0 
8.~5 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
10H 
mAde 


(VOH 
2.5 Vdcl 
Source 
5.0 
-3.0 
_. 
-2.4 
--4.2 
- 
-1.7 
- 


1VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH " 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL " 0.4 Vdcl 
Sink 
10L 
5.0 
064 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(Vat: 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL : 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
10H 
mAde 


(VOH : 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
_. 


(VOH " 4.6 Vdc) 
5.0 
-0.52 
.. 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH '9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH" 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL" 
0.4 Vdcl 
Smk 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
225 
- 
0.9 
- 


1VOL - 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
.. 


Input'Current 
(Al 
Devlcel 
lin 
15 
to.l 
- 
'000001 
'01 
! 1.0 
JlAdc 


Input 
Current 
(CLlCP 
DeVice) 
'on 
15 
- 
; 03 
- 
'0.00001 
, 0.3 
- 
110 
~Adc 


Input CapacItance 
C,n 
- 
- 
- 
50 
7.5 
pF 


IVJn '- 01 


OUlescenr Current IAL 
Devlcel 
100 
50 
- 
50 
- 
0.005 
5.0 
150 
~Adc 


(Per 
PackagEd 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Currenl 
lCL!CP 
DeVice) 
'00 
5.0 
- 
20 
_. 
0.005 
20 
- 
150 
j..IAdc 


(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
80 
- 
0.015 
80 
- 
600 
TOlal 
Supply 
Current-· 
t 
IT 
5.0 
IT '(0.31 
}.lA/kHz) 
t t 100 
JolAdc 


(Dynamic 
plus 
QUiescent, 
10 
IT • (0.60 
~A/kHll 
f 
• 
100 
Per Package) 
15 
IT =-10.89IJAikHzl 
f + 100 
(CL 
". 50 pf 
on all outputs, 
all 


buffers 
sWItching) 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum rated voltages 
to thiS high-imped- 


ance circuit. 
For proper 
operation. 
Vin and Vout should 
be constrained 
to the range VSS ~ (Vin or Vout) ~ VOD· 


Unused Inputs must always be tied 10 an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must 


be left open. 
• 


• 


Chonct",iltic 
Symbol 
VDD 
Min 
Typ ••• 
Mox 
Unit 


Outpu.t Rise and Fall Time 
tTLH· 
nl 


'TLH. tTHL ~ (1.5 ns/pF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 
'TLH. 'THL 
~ (0.75 ns/pF) CL + 
12.5 ns 
10 
- 
50 
100 


'TLH. 'THL 
~ (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


ProP8Q8tion DeilY 
Time 
tPLH. 
nl 


Clock to 01 
tpHL 
'PLH. tPHL· 
(1.7 nl/pFI 
CL + 295 nl 
5.0 
- 
380 
600 


tPLH. tPHL - 10.66 n./pF) 
CL + 117 nl 
10 
- 
150 
230 


tPLH. tPHL - 10.5 nl/pF) 
CL + 85 nl 
15 
~ 
110 
175 


Clock 10 07 
tPLH. tPHL - f1.7 nl/pF) 
CL + 915 nl 
5.0 
- 
1000 
2000 


IpLH. 'PHL • {0.66 n./pFI 
CL + 367 n. 
10 
- 
400 
750 


IPLH. tPHL • (0.5 nl/pF) 
CL + 275 nl 
15 
- 
300 
565 


Reset 10 an 
IPLH. 'PHL - 11.7 nl/pF) 
CL + 415 nl 
5.0 
- 
500 
BOO 


tPLH. 'PHL ·10.66 
nl/pF) 
CL + 217 nl 
10 
- 
250 
400 


tPLH. 'PHL - 10.5 n./pF) 
CL + 155 n. 
15 
- 
180 
300 


Clock Pulse Width 
twH 
5.0 
500 
200 
- 
nl 


10 
165 
60 
- 
15 
125 
40 
- 


Reset Pulse Width 
twH 
5.0 
600 
375 
- 
nl 
10 
350 
200 
- 
15 
260 
150 
- 


Reset Removil 
Time 
trem 
5.0 
625 
250 
I 
- 
nl 


10 
190 
75 
- 
15 
145 
50 
- 


Clock Input Rise and Fall Times 
'TLH. 
tTHL 
5.0 
- 
- 
1.0 
• 
10 
- 
- 
8.0 
m. 


15 
- 
- 
200 
". 
Input Pulse F requenc:y 
lei 
5.0 
- 
2.5 
1.0 
MHz 


10 
- 
8.0 
3.0 
15 
- 
12 
4.0 


CLOCK 
RESET 
STATE 


0 
0 
No C~no- 


0 
1 
All Outputs 
Low 


1 
0 
No Chlnge 


1 
1 
All 
Outputs 
Low 
----- 
0 
No 
Change 
----- 
1 
All Outputs 
Low 
~ 
0 
Adven~ 
0 •.••Count 
~ 
1 
All Outputs 
Low 


C 
Q' 


Q2 


03 
• 


II 


@MOTOROLA 


The MC14025B and MC14025UB are constructed with P and N channel 
enhancement mode devices in a single monolithic 
structure (Comple- 
mentary 
MOS). Their 
primary 
use is where 
low 
power dissipation 
and/or 
high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 1B Vdc 


• 
All Outputs Buffered (MC14025B only) 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky 
TTL 
Load 
Over 
the 
Rated 
Temperature 
Range. 
(MC14025B only) 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacements for CD4025B and CD4025UB. 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-05to+18.0 
V 


Vm· 
Voul 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VOD + 0 5 
V 


1m, lout 
Input 
or Output 
Current 
(DC 
or 
TranSIent). 
per 
Pin 
~10 
rnA 


Po 
Power 
DISSipation, 
per Packaget 
500 
rnW 


Tsta 
Storage Temperature 
- 6510 + 150 
·C 


Tl 
Lead 
Temperature 
(B·Second 
Soldering) 
260 
·C 


·MaXlmum 
Ratings 
are 
those 
value~ 
beyond 
which 
damage 
to the 
deVice 
may 
occur 
tTemperalure 
Derating: 
PlastiC 
"P" Package: -12mW/oC 
from 
65°C 1085°C 


CeramiC 
"L" 
Package. 
-, 
2mW/oC 
from 
1aGoC 
to 
125°C 


See the MC14001 B data sheet for complete characteristics of the 
B-Seriesdevice. 


See the MC14001UB data sheet for complete characteristics for the 
non-B device. 


MC14025B 
MC14025UB 


l SUFFIX 


CE RAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series: 
- 40·C 
(0 + BS·C 


MC14XXXBCP 
or UBCP 
(Plastic 
Package) 


MC14XXXBCL 
or UBCL 
(Ceramic 
Package) 


LOGIC 
DIAGRAM 
:30-9 


"30- 
12 
10 


13 


This device 
contains 
protection 
circuitry 
to guard against 
dam- 
age due to high static voltages 
or electric 
fields. 
However, pre· 
cautions 
must 
be taken 
to avoid 
applications 
of 
any voltage 
higher than m.aximum rated voltages 
to this high· impedance 
cir· 


·cui!. For proper 
operation, 
Vin and Vout should 
be constrained 


to the range VSS '" (Vin or Vout) •• VOO' 


Unused inputs must always be tied to an appropriate 
logic volt- 
age level (e.g.. either VSS or VOO). Unused outputs must be left 
open. 


• 


• 


® MOTOROLA 


The MC14027B dual J-K flip-flop 
has independent J, K, Clock 
ICI. Set (S) and Reset (R) inputs for each flip-flop_ These devices 
may be used in control, register, or toggle functions. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
logic Swing Independent of Fanout 


• 
logic Edge-Clocked Flip-Flop Design - 
logic 
state is retained indefinitely 
with clock level either high or 
low; information 
is transferred to the output only on the positive- 


going edgeof the clock pulse 
• 
Capable of Driving Two low-power 
TTl 
loads 
or One low-power 
Schottky TTl 
load 
Over the Rated Temperature Range 


• 
Pin-for-Pin Replacement for CD4027B 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply 
Voltage 
- 05 
10 
.•..18 0 
V 


VIn· Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VOO 
..•.0 5 
V 


IJn. 
lout 
Input 
or Output 
Current 
(DC 
or TranSient). 
per 
Pin 
=10 
mA 


Po 
Power 
DiSSipation, 
per Packaget 
500 
mW 


T stQ 
Storage Temperature 
- 65 to 
.•..150 
'C 


TL 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
'C 


·Maxlmum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperalure 
Derating 
PlastIc 
"p" 
Package 
- 
12mWtOC 
from 65°C to 85°C 


CeramiC 
"L" 
Package 
-12mW/oC 
from 
1QQoC 
to 
125°C 


INPUTS 
OUTPUTS' 


Ct 
J 
K 
S 
A 
Ont 
On+l 
On+1 
r 
1 
X 
0 
a 
0 
, 
0 
-.r 
X 
0 
0 
0 
, 
1 
0 
....r 0 
X 
0 
0 
0 
0 
, 


-r 
X 
1 
0 
0 
1 
0 
1 
-r 
1 
1 
0 
0 
00 
00 
00 
'- 


X 
X 
0 
0 
X 
an 
an 


)( 
X 
)( 
1 
0 
X 
1 
0 


)( 
X 
X 
0 
, 
X 
0 
1 


X 
X 
X 
1 
1 
X 
1 
, 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due 
to high static voltages 
or electric 
fields. 
However, precautions 
must be 


taken to avoid applications 
of any voltage 
higher 
than maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For proper 
operation, 
Vin and 


Vout should 
be constrained 
to the range VSS :=s;:: 
(Vin or Vout) :=s;:: 
VDO 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic 
voltage 
level (e.g .. either 
VSS or VDD). Unused 
outputs 
must be left open 


_._rf 
I 
. 
I 


t6 
J 
l' 
! \ \ 
16 
t 
\ 
I 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C 
10 + 8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


:os 
a 
1 


3 
C 


5 
K 
a 
1 
" 
• 
,:os 
a 
'5 


13 
C 


11 
K 
Q 
14 
" 


12 


Voo 
T,_ . 
25°C 
Th'_ 
• 


CharKt ••.istic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOO 
or 0 
10 
.. 
0.05 
- 
0 
0.05 
- 
0.05 
IS 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
IS 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
V,L 
Vdc 
(VO = 4.50,0.5 
Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO = 9.0 m 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
IS 
.. 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
level 
VIH 
(VO " 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = I 50' 
13.5 Vdc) 
IS 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dflve Current 
(AL DeVice) 
'OH 
mAde 


(VOH - 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdc) 
10 
-1.6 
- 
-'.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlep 
Devicel 
'OH 
mAde 
(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
I -0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-36 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
,2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
IS 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
OevtCe) 
I,n 
15 
- 
'0.1 
.. 
'0.ססOO1 
'0.1 
- 
, 1.0 
IJAdc 


Input 
Current 
(CL/ep 
Device) 
'in 
IS 
- 
'03 
- 
'0.00001 
, 0.3 
- 
t 1.0 
""Adc 


Input Capacitance 
Con 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V in 
01 


Quiescent Current fAL Devlcel 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
,uAdc 


(Pel Package I 
'0 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
4.0 
- 
0.006 
4.0 
- 
120 


QUIescent Current 
(CLlep DeVice) 
'00 
50 
- 
4.0 
- 
0.002 
4.0 
- 
30 
,."Ade 


(Per Packagel 
'0 
- 
8.0 
- 
0.004 
8.0 
- 
60 
IS 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current-· 
t 
IT 
5.0 
'T - <0.80 ~A/kHll 
f + 100 
/olAdc 


(DynamIC 
plus 
Ouiescent, 
10 
IT = 11.60 ~A/kHl) 
f + 100 
Per Package I 
15 
'T - (2.40 ~A/kHl) 
f, t 
100 
leL 
:: SO pF 
on all outputs, 
all 
buffers 
SWitching) 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 • 


a-.e-ic 
Symbol 
VOO 
Min 
Typ" 
Max 
Unit 


Output Rise and Fall Time 
'TLH. 
no 


ITlH. 
tTHL 
= (1.5 
ns/pF) 
CL 
+ 
25 os 
'THL 
5.0 
- 
100 
200 


tTlH. 
tTHL 
= (0.75 
ns/pF) 
CL + 
12.5 
ns 
10 
- 
50 
100 


'TLH. 'THL 
- 
(0.55 nsJpF) CL + 12.5 ns 
15 
- 
40 
80 
Propagation Delay Times"· 
tpLH. 
no 


Clock 10 Q. a 
tpHL 
'pLH. 'PHL - 
(1.7 ns/pF) CL + 90 ns 
5.0 
- 
175 
350 
'PLH. tpHL 
- 
(0.66 nsJpF) CL + 42 ns 
10 
- 
75 
150 


'PLH. tpHL 
- 
(0.5 ns/pF) CL + 25 ns 
15 
- 
50 
100 


Set to a. a 
tpLH. IpHL = 
(1.7 
ns/pF) CL + 90 ns 
5.0 
- 
175 
350 
IplH. 
tpHL = (0.66 ns/pF) CL + 42 ns 
10 
- 
75 
150 


'pLH. 'PHL - 
(0.5 ns/pF) CL + 25 ns 
15 
- 
50 
100 


Reset to a, a 
'PLH. 'PHL - 
(1.7 ns/pF) CL + 265 ns 
5.0 
- 
350 
450 
'pLH. 'PHL - 
(0.66 ns/pF) CL + 67 ns 
10 
- 
100 
200 


'pLH. 'PHL = (0.5 ns/pF) CL + 50 ns 
15 
- 
75 
150 


SetuP 
Tim •• 
tou 
6.0 
140 
70 
- 
no 
10 
50 
25 
- 
15 
35 
17 
- 
Hold Tim •• 
th 
5.0 
140 
70 
- 
no 
10 
50 
25 
- 
15 
35 
17 
- 
Clock Pulse Width 
'WH. 'WL 
5.0 
330 
165 
- 
no 
10 
110 
55 
- 
15 
75 
38 
- 
Clock Pulse Frequency 
'ei 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
9.0 
4.5 
15 
- 
13 
6.5 


Clock 
Pulse Ri•• and fall 
Time 
'TLH. 
tTHL 
5.0 
- 
- 
15 
"0 
10 
- 
- 
5.0 
15 
- 
- 
4.0 


Removal Times 
tram 
- 
5 
90 
10 
ns 
10 
45 
5 
- 
15 
35 
3 
- 
Sel 


5 
50 
-30 
- 
10 
25 
-15 
- 
Reset 
15 
20 
-10 
- 


Set and Reset 
Pulse Width 
'WH 
5.0 
250 
125 
- 
no 
10 
100 
50 
- 
15 
70 
35 
- 


Inputt 
A end 5 low. 


For the measurement of tWH. I/fel. end Po 
the Inputs 
J end K ere kept 
high. 


II 


• 


@MOTOROLA 


BCD-TO-DECIMAl DECODER 
BINARY-TO.oCTAl 
DECODER 


The MC 140288 decoder is constructed so that an 8421 BCD code 
on the four inputs provides a decimal (one-of-tenl 
decoded output, 


while 
a 3-bit 
binary 
input 
provides a decoded octal 
(one-of-eight) 
code output 
with 
D forced to a logic "0". 
Expanded decoding such 
as binary·to·hexadecimal 
(one·of·16!, 
etc., can be achieved by using 
other MC14028B devices. The part is useful for code conversion, ad· 
dress decoding, 
memory 
selection control, 
demultiplexing, 
or read· 


out decoding. 


• 
Diode Protection 
on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power 
TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Positive Logic Design 


• 
Low Outputs on All Illegal Input Combinations 


• 
Similar to CD4028B. 


Symbol 
Per.meter 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0510+180 
V 


V1n. Vout 
Inp •..•t or Output 
Voltage 
(DC 
or TranSient) 
-05toVOD 
+05 
V 


Itn. lout 
Input 
or Output 
Current 
(DC 
or TranSIent). 
per 
Pin 
~10 
mA 


Po 
Power DISSlpation, per Packaget 
500 
mW 


Ts1a 
Storage Temperature 
- 6510 
+ 150 
·C 


TL 
Lead Temperature (8·Second Soldering) 
260 
·C 


-Maximum Ratings are those value~ beyond which 
damage 10the device may occur 
tTemperature 
Derallng: 
Plastic "P" Package: - 12mWrC 
from 65°C to 85°C 


Ceramic "L" Package: 
-12mWr'C 
from lOQGe 10 125°C 


U21 
BCD 
Inputs 
1 


10 


3·8h 
Bin.tv 
13 
Input. 


12 


Octal 
Decod.t 
Outputs 
Decimal 
Oecod., 


Outputs 


BCD-TO-DECIMAl DECODER 
BINARY-TO-OCTAl 
DECODER 


l SUFFIX 
CERAMIC 
PACKAGE 


CASE 
820 


PSUFFIX 
Pl.ASTIC 
PACKAGE 


CASE 
~8 


C Series 
- 40·C 
10 + 85°C 


MC14XXXBCP 
(PlaSlic 
PaCkage) 


MC14XXXBCL 
(Ceramic 
Package) 


INPUT 
OUTPUT 


0 
C 
B A 09.0807 Cl605 04 OJ 02 0100 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


Voo 
Tlow. 
2SoC 
Th· ••••• 


CharKteril1ic 
Symbol 
Vd. 
Min 
M•• 
Mi" 
Typ ••• 
M•• 
Mi" 
M•• 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOD 
or 0 
10 
.. 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOD 
10 
9.95 
- 
9.95 
10 
.. 
9.95 
- 


IS 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
VIL 
Vdc 


evO " 4.50,0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO ·9.00' 
1.0 Vdcl 
10 
.. 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.50,1.5 
Vdcl 
15 
.. 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
evO 
0 0.5 0,4.5 
Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO· 
1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.50' 
13.5 Vdcl 
IS 
11.0 
- 
11.0 
8.25 
- 
11.0 
.. 


Output 
Drive Current (ALDevicel 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH = 9.5 Vdcl 
10 
-1.6 
.. 
-1.3 
... 2.25 
.. 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-88 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
\.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CL/CP Device) 
'OH 
mAde 


(VOH 
= 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1. 
7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
10 
-, 
.3 
.. 
-I 
I 
-225 
.. 
-0.9 
- 


(VOH' 
13.5 Vdcl 
IS 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
13 
.. 
1.1 
2.25 
- 
0.9 
.. 


(VOL' 
':5 
Vdcl 
15 
3.6 
- 
3.0 
8.8 
.. 
2.4 


Input 
Current 
(AL Device) 
lin 
15 
- 
to.l 
- 
±0.00001 
to. I 
- 
! 1.0 
,.,Adc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
.. 
t 0.3 
.. 
'0.ססOO1 
'0.3 
.. 
:11.0 
#lAde 


Input Capacitance 
Cin 
- 
.. 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent Current (AL DeviceI 
100 
50 
.. 
50 
- 
0.005 
5.0 
- 
ISO 
,.,.Adc 


IPer Package) 
10 
- 
10 
.. 
0.010 
10 
.. 
300 
IS 
.. 
20 
- 
0.Q15 
20 
- 
600 


Quiescent Current (CLlCP 
OevtCel 
100 
5.0 
.. 
20 
.. 
0.005 
20 
- 
150 
#lAde 


(Per Package) 
10 
.. 
40 
- 
0.010 
40 
- 
300 
15 
.. 
80 
- 
0.Q15 
80 
600 
Total SupplV Current· • t 
IT 
5.0 
IT" 
(0.3 
,IlA/kHz) 
f 
.• 'DO 
,/.lAde 


(Dynamic plus Quiescent, 
10 
IT" 
eO.6 JJA/kHzl 
f + 100 
Per Package) 
IS 
IT" 
(0.9 
""A/kHzl 
f + 100 


leL 
= 50 pF on all outputs, 
all 
buffers switching) 


This device contains 
protection 
circuitry 
to guard against damage due to high 
slatic voltages 
or electric 
fields. However, precautions 
must be taken to avoid 
applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 


impedance 
circuit. 
For proper operation. 
Vin and Vout should 
be constrained 


to the range VSS 
:6= (Vin or Vout) 
:6= VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VOO)' Unused outputs 
must be left open. 


• 


Ch.acteristic 
Symbol 
VOO 
Min 
Typ ••• 
Mu 
Unit 


Output Rise and Fall Time 
tTLH· 
ns 


tTLH. 
tTHl 
= 
(1.5 
ns/pF) 
CL + 
25 ns 
tTHL 
5.0 
- 
100 
200 


tTLH. 
tTHL 
= 
(0.75 
ns/pF) 
CL 
+ 
12.5 
ns 
10 
- 
50 
100 


tTLH. 
tTHl 
= 
(0.55 
ns/pF) 
CL + 9.5 
ns 
15 
- 
40 
80 


Propagation 
Delay Time 
r'" 


ns 


tPLH. tPHL = 11.7 ns/pFI CL + 215 ns 
5.0 
- 
300 
600 


tpLH. 
tpHL = 10.66 ns/pFI CL + 97 ns 
tpHL 
10 
- 
130 
260 


tpLH 
tpHL' 
10.5 ns/pF) CL + 65 ns 
15 
- 
90 
180 


Inputs 
8. C. and 0 
switching 
in r.spect 
to a BCD cod •. 


All outputs 
connected 
to respective C L loeds. 
f in rMpect 
to • system 
clock. 


Expanded 
decoding 
can be performed 
by using 
the MC14028B and other CMOS Integrated 
Circuits. 
The circuit 
in Figure 2 converts 
any 4-bit code to a 
decimal 
or hexadecimal 
code. 
The 
accompanying 


table shows the input binary combinations, 
the asso- 
ciated 
"output 
numbers" 
that go "high" 
when se- 


lected, and the "redefined 
output numbers" 
needed 


for the proper code. For example: 
For the combina- 


tion DCBA = 0111 the output number 7 is redefined 
for the 4-bit binary, 4-bit gray, excess-3, 
or excess-3 
gray codes as 7, 5, 4, or 2, respectively. 
Figure 3 
shows 
a 6-bit 
binary 
1-of-64 
decoder 
using 
nine 
MC14028B circuits 
and two MC14069UB 
inverters. 
The MC14028B 
can be used in decimal 
digit dis- 
plays, such as, neon readouts or incandescent 
pro- 
jection 
indicators 
as shown in Figure 4. 


Inputs 


~-~ 
DeB 
A 


15 - - - - - -8 
7- - 
-0 
'----------------..r-------~/ 


Output 
Numb 
•• 


CODE ANO REDEFINED 
OUTPUT 
NUMBERS 


Hexedecima' 
Decimal 
':' 
M 


INPUTS 
.~ ~ .:: > 
= :: ~ ~ N 
OUTPUT 
NUMBERS 
Ol 
• 
~~ 
~ 
, e 
B 
!l • 
'" 
D 
C 
B 
A 
1514 
1312 
11 10 9 
8 
7 
6 
5 
4 
3 
2 
1 
0 ·iii 
"'c> . xC> 
;.( 
'" 
w 
w 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
1 
1 
1 
1 


0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
2 
3 
0 
2 
2 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
3 
2 
0 
3 
3 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
4 
7 
1 
4 
4 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
5 
6 
2 
3 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
6 
4 
3 
1 
4 
0 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
7 
5 
4 
2 
1 
0 
0 
0 
0 
0 
0 
0' 0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
8 
15 
5 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
14 
6 
5 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
10 
12 
7 
9 
6 
1 
0 
1 
1 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
11 
13 
8 
5 
1 
1 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 
8 
9 
5 
6 
1 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 
9 
6 
7 
7 
1 
1 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
11 
8 
8 
8 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
15 
10 
7 
9 
9 
• 


Inputs 
,~ 
~A 
, 


ABC 
0 
E 
1 


v~--------------------~/ 


64 Outputs 
(Selected 
Output 
is Htgh) 


A 
00 
A. 
02 


B 
03 
04 
MC.402BB 
05 
C 
as 
07 


0 
OB 


09 


Approprillte 
m---.~~- 


~ 
2 
• 
0 
• 
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The MC14029B 
Binary/Decade up/down counter is constructed 
with 
MOS P·channel and N·channel enhancement mode devices 


in a single monolithic 
structure. The counter consists of type 0 
flip·flop 
stages with 
a gating structure to provide toggle flip·flop 
capability. The counter can be used in either Binary or BCD opera· 
tion. This complementary MOScounter finds primary use in up/down 
and 
difference 
counting 
and frequency 
synthesizer applications 
where low power dissipation and/or high noise immunity is desired. 
It is also useful in A/D and D/A conversion and for magnitude and 


sign generation. 


• 
Diode Proection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Internally Synchronous for High Speed 


• 
Logic Edge·Clocked Design - Count Occurs on Positive 
Going Edgeof Clock 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pm for Pin Replacment for CD4029B 


Symbol 
Paramat.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0510 
+18.0 
V 


Vin· 
Voul 
Inp..,t or Output Voltage (DC or TranSient) 
- 0 5 to VOO + 0 5 
V 


'10' 
lout 
Input 
or Output 
Current 
(DC 
or r'dnSlent), 
per 
Pin 
~10 
mA 


Po 
Power 
DISSlpatlon, 
per 
Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 65 to + 150 
·C 


TL 
Lead Temperature (8·Second 
Soldertng) 
260 
·C 


·MaXlmum Ratings are those values beyond whIch damage to the deVice may occur 
tTemperalure 
Derating. 
PlastiC 
"P" 
Package 
- 12mWrC from 65°C 10 6S"C 
Ceramic 
"L" Package' 
-, 
2mWrC 
from 1co"e 10 12SoC 


Preset 
C.rry 
In 
Up/Down 
En.ble 
Action 


1 
X 
0 
No Count 


0 
1 
0 
Count Up 


0 
0 
0 
Count Down 


X 
X 
, 
Preset 


BINARY /DECADE 
UP/DOWN COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
T,ow. 
25°C 
Th·"'· 
Ch.recteriltic 
Symbol 
Vd. 
Min 
M•• 
Min 
Typ ••• 
M•• 
Min 
M•• 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 
Vin,:VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vd. 
Vin -: oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
IS 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
V,L 
Vd. 
(Va 
0 4.5 or 0.5 Vd.) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
0 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
0 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


'",. 
Level 
V,H 
(Va' 
0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vd. 
(Va 
0 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va 
0 1.5 or 13.5 Vd.1 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Orive 
Current 
(AL 
Device) 
'OH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vd.) 
IS 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CL/CP 
o.vtce) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(Al 
Devtce) 
lin 
15 
.0.1 
.0.00001 
!O.l 
• 1.0 
J.lAdc 


Input 
Current 
teL./ep 
Device) 
lin 
IS 
- 
± 0.3 
- 
'0.00001 
±Q.3 
- 
• 1.0 
IlAde 


Input Capacitance 
Gin 
- 
- 
5.0 
7.5 
pF 
(Vi"' 
01 
QuiescMI Current IAL Device) 
100 
5.0 
5.0 
0.006 
5.0 
150 
J.lAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 
QUiescent Current (CUep 
DeYlce) 
100 
5.0 
- 
20 
- 
0.006 
20 
- 
150 
IlAde 


(Per PackageI 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total SupplV Current-· 
t 
IT 
5.0 
'T· 
(0.58 "A/kHz) 
f + '00 
IlAde' 


(Dynamic plus Ouiescent, 
10 
'T' 
(1.2 "A/kHz) 
f + 100 
Per Package) 
15 
IT' 
(1.7 "A/kHz) 
f + 100 
(CL 
= 50 pF on all outputs, 
all 


buffers 
sWltchingl 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static 
voltages 
or electric 
fields 
However, precautions 
must be taken 10avoid applications 
of any voltage higher than maximum rated voltages to thIS 
high-impedance 
CIrcuit For proper operation, Vm and Vout should be constrained 
to the range VSS :s;;(Vm or Vout) :s;; 


VDD· 
Unused inputs must always be lied to an appropnate 
logic voltage 
level (eg" 
either VSS or VOO) Unused outputs 
must be left open 


All Ty •••• 


Char.cterlstlc 
Symbol 
VOO 
Min 
Typ" 
M•• 
Unit 


Output 
Rise 
and 
Fall 
Time 
'TLH, 
ns 


ITlH. 
tTHL 
= 
(1.5 
ns/pF) 
CL 
+ 
25 ns 
tTHL 
5.0 
- 
100 
200 


lTLH. 
tTHl 
= 
(0.75 
ns/pF) 
CL 
+ 
12.5 
ns 
10 
- 
50 
100 


tTLH. 
tTHL 
= 
(0.55 
ns/pF) 
CL 
+ 9.5 
ns 
15 
- 
40 
80 


Propagation Delav Time 
tPLH. 
ns 
elk to 0 
'pHL 
'pLH, 
'PHL 
" 11.7 ns/pFI 
CL • 230 ns 
5.0 
- 
200 
400 


'pLH. 
'PHL 
(0.66 ns/pF) CL •. 91 ns 
10 
- 
100 
200 


IpLH. IpHl 
- 10 5 ns/pF) 
CL •. 15 ns 
15 
- 
90 
180 


elk to Cout 
'PLH. 
ns 


tpLH. IPHL .••11.7 ns/pFI 
CL • 230 ns 
'PHL 
5.0 
- 
250 
500 


tPLH. 
IPHL 
co to.66 ns/pFI 
CL 
t 97 
ns 
10 
- 
130 
260 


tPLH. 
tPHL 
CO.5ns/pFI 
CL • 
75 ns 
15 
- 
85 
190 


I 


CIn 
to Cout 
'pLH. 
ns 


'PLH.IPHL 
(1.7 ns/pFI 
CL •. 95 os 
'PHL 
5.0 
- 
175 
360 


IPLH. 
tPHL 
10.66 ns/pF) CL .47 ns 
10 
- 
50 
120 


tpLH.lpHL 
10.5 ns/pF) 
CL •. 35 ns 
15 
- 
50 
100 


I 


PE to a 
'PLH. 
ns 


'PLH. 
tPHL 
-. (1 7 ns/pF) 
Cl 
.• 230 ns 
tPHL 
5.0 
- 
235 
470 


tpLH. IPHL - 10.66 ns/pFI 
CL + 97 ns 
10 
- 
100 
200 
tpLH. 
tPHL 
.::(OS ns/pF) 
CL .•. 75 ns 
15 
- 
80 
160 


PE to Cout 
tPLH. 
ns 
IpLH,fPHL 
~ ('.7ns/pFICL 
+:465n5 
'pHL 
50 
-- 
320 
640 


tpLH. 
tPHL 
(0.66 ns/pFI CL 
+ 192 ns 
10 
-- 
145 
290 


tPLH. 
tPHL 
(0,5 
ns/pFI 
CL 
+ 125 ns 
15 
- 
105 
210 


Clock 
Pulse Width 
tWlcl1 
50 
180 
90 
- 
ns 
10 
80 
40 
- 


15 
60 
30 
- 


Clock 
Pulse 
Frequency 
tel 
5.0 
- 
4.0 
2.0 
MHz 
10 
- 
8.0 
4.0 


15 
- 
10 
5.0 


Pre~et 
Removal 
Time 
trem 
5.0 
160 
80 
- 
ns 


The 
Preset 
Signal 
must 
be low 
prior 
to 
a positive-going 
10 
80 
40 
- 
transition 
of the 
clock. 
15 
60 
30 
- 


Clock 
RIse and 
Fall 
Time 
tdel) 
50 
- 
- 
'5 
,.. 


'Hell 
10 
_. 
_. 
5 
15 
- 
- 
4 


Carry 
In Setup 
Time 
tsu 
5.0 
150 
75 
.- 
ns 
10 
60 
30 
- 


15 
40 
20 
- 


Up/Down 
Setup 
Time 
5.0 
340 
170 
- 
ns 
10 
140 
70 
- 


15 
100 
50 
- 


Binary/Decade 
Setup 
Time 
5.0 
320 
160 
- 
ns 


10 
140 
70 
- 


15 
100 
50 
- 


Preset 
Enable 
Pulse Width 
tw 
5.0 
130 
65 
- 
ns 
10 
7C 
35 
- 


15 
50 
25 
- 


PrODr.mm.ble 
Pulse 
a, 
Gener.tor 
• 


C."y Inor 
Up/down 
or Bin.ry/Decade 


Voo 


VSS 
VOO 


VSS 
VOO 


VSS 


L L L.LrLr-t-rt- rt. L.LrL L L.LrL LLL.rLrt- L.L.L. 


.-- 
,...- ,...- 
., 
r--' I-- 


...-- - - 
I-- 
- 
r- 
- 
- - 
~ 


1,..-, 
...-- 
...-- 
- 
...-- 
- 
i-- 
f= 
I-- = 


i-- I-- 
;::: - 
I-- - 
r--I-- 
r- 
- 
h 
-...-- 
-- 
- I-- 
- 
r-h - 
, 
-, 


21' 


fI 
[L 
~ 
0 , 
2 
3 
I 41 
5 
6 
1 
8 
9 
8 
1 
6 
5 
4 
3 
0 
0 
9 
6 
1 
0 


Clock 
1 J1J1f' JU1J' JliU1f' 
LJI LJl U 


~' 
~)-l~~ll 


~, 
II-.J 


c~ 
1 (LSD) 
) 


-ll'~---II 
•• 


II 


LOGIC DIAGRAM 


9 
.0 
PO 
'20Pl 
'30P2 
30P3 


Binary/Decade 


1 
Pr.set En.bl. C 
I ~ I 
I 
II 
II 
I 
I 
I I I 
I I 
I 
3C 
(') 
m 
•• 
I 
5 
•• 
CO 
Carry 
In 
0 
ex> 
I\) 
CDaI 
ILt-----J-+I ~ 
~ 
~ 
fdJ 
I 
I~Id 
1~1~~1 
10 
Up/Down 


15 
Clock 
C> 
Joo 
,t, 
,.t2 
2003 


® MOTOROLA 


TRIPLE 
SERIAL 
ADDERS 


The MC14032B and MC14038B triple serial adders havethe clock 
and 
carry 
reset 
inputs 
common 
to 
all 
three 
adders. 
The 
carry 
is 
added on the positive-going clock transition for the MC140328, and 
on the negative-going clock transition 
for the MC14038B. Typical 
applications include serial arithmetic units, digital correlators, digital 
servo control 
systems, datalink 
computers, 
and flight 
control 
computers. 


• 
Bullered Outputs 


• 
Single·PhaseClocking 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two low-power 
TTl 
loads 
or One low-power 
Schottky TTl 
load Over the Rated Temperature Range. 


• 
Pin·for·Pm Replacement for CD4032B and CD4038B. 


Symbol 
Per.met., 
V.lue 
Unit 


VDD 
DC 
Supply 
Voltage 
- 0510 
+ 18 0 
V 


V1n· 
Vou! 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0 5 10 VOO + 0 5 
V 


1m 
loul 
Input 
or 
Output 
Current 
(DC 
or 
Transient). 
per 
Pin 
~10 
mA 


PD 
Power 
DISSipation, 
per Packaget 
500 
mW 


T slo 
Storage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead 
Temperature 
(a-Second Soldenng) 
260 
·C 


"Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperature 
Deratmg 
Plastic "P" Package 
- 12mW/"C from 65°C 10 85°C 
Ceramic "L" Package 
- 12mWrc 
from 1DOGeto 125°C 


This device contains 
protection 
circuitry 
to guard against 
damage 
due to high 


static voltages 
or electric 
fields. 
However, precautions 
must be taken to avoid 


applications 
of any voltage 
higher than maximum 
rated voltages 
to this high· 


impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 


to the range VSS 
=EO (Vin or Vout) 
=EO VOO. 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., 


either VSS or VOO)' Unused outputs 
must be left open. 


MC14032B 
MC14038B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE MB 


C SeTles 
- 40"C 
to 
+ 8S"C 
MC14XXXBCP 
(PlaSIIC Package) 


MC14XXXBCL 
(Ceramic 
Package) 


All0 


B111 


Invert 
1 
7 


A213 


B2 
12 


Invert 
2 
5 


A315 


B314 
Invert 
3 
2 


Clock 
3 


Carry 
R •• 
t 
6 


Voo 
Tlow· 
25°C 
Th·a/' 


Ctt.recteristic 
Symbol 
Vd. 
Min 
M•• 
Min 
Typ ••• 
M•• 
Min 
M•• 
Unit 


Ou tpu 
1 Vol 
tage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
_. 
0.05 
Vdc 


VI" 
* VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
~ OOf Vao 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
Vll 
Vdc 
1VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
30 
- 
3.0 


1VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6./5 
40 
- 
4.0 


"1" level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdc! 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dnve 
Current 
(AL 
DeVice) 
10H 
mAde 
1VOH = 2.5 Vdc! 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
1VOH = 4.6 Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdc! 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 Vdc! 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOl 
= 0.4 Vdc! 
Sink 
10l 
5.0 
0.64 
- 
0.51 
0.88 
- 
036 
- 
mAde 
1VOl 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOl 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output Drive Current ICLlCP Device) 
10H 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-036 
- 
1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
- 
-30 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10l 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(Val' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOl 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input 
Current (Al 
Dellace) 
lin 
15 
.01 
.0ססoo1 
.0.1 
11.0 
IAAdc 


Input 
Current 
ICl/CP 
DeVice) 
I,n 
15 
- 
.03 
'0.00001 
.0.3 
- 
• 1.0 
.uAdc 


Input 
Capacitance 
Con 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IV;n = OJ 


QUiescent 
Current IAL 
DeVICe) 
100 
5.0 
5.0 
0.005 
5.0 
150 
.uAdc 


IPer 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent Current ICLlCP DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


(Pet 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
SupplV 
Current·· 
t 
IT 
5.0 
IT = (0.96 ~A/kHl! 
f • 100 
.uAdc 
(Dynamic 
plus 
Quiescent, 
10 
IT = (1.93 ~A/kHll 
f • 
IDO 
Per Package) 
15 
IT = 12.8 ,~A/kHzI 
f • 100 
(eL :: 50 pF on all 
outputs, 
all 
buffers 
switching) 


··The formulas 
given 
are lor the typIcal 
characteristics 
only al 25°C 


tTo calCl'late 
101alsupply 
current 
at loads other than 50 pF 


Ch.raeteristic 
Symbol 
VOO 
Min 
Typ ;4' 
Mo. 
Unit 
Vdc 
1-=----------------------------------- 
Output 
Rise 
and 
Fall Time 
'TlH' 
n. 


tTlH. tTHl 
= (1.5 ns/pF) 
Cl 
+ 25 ns 
tTHl 
5,0 
- 
lOa 
200 
tTlH. tTHl 
= (0.75 
ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 
tTlH. tTHl 
= (0.55 
ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Prop"agation 
Delay 
Time 
----. -------- 


tPLH. 
n. 


A. B or 
Invert 
to Sum 
tPHl 
tPlH. 
tpHl" 
(1.7 ns/pFI 
CL + 195 n. 
5,0 
- 
280 
1400 
IpLH. tpHl 
" (0.66 n./pFI 
Cl 
+ 87 ns 
I 


10 
- 
120 
300 
IPLH, tpHl 
• (0,5 
ns/pFI 
Cl 
+ 65 ns 
15 
- 
90 
230 


Clock 
to Sum 
ns 
IplH. 
tpHl= 
(1.7 n./pF) 
Cl 
+ 415 ns 
5,0 
- 
500 
2400 
IPlH. 
tpHl 
= (0,66 ns/pFI 
CL + 147 ns 
10 
- 
180 
600 


~- 
tpLH. tPHl" 
{O.5ns/pFI 
CL + ~~~-- 
------ 
t----- 
15 
- 
135 
450 


Input 
setup 
Time 
tsu 
- 5'0- 
10 
-10 
- 
ns 
10 
10 
0 
- 
-1'·i--t1 


10 
0 
- 


-. -- 
------------- 
-_._- 
4,0 
1,0 
MHz 
Clock 
Pulse 
Frequency 
-- 
10 
2,5 
- 
12 
4,0 
----- ---------- 
---------------- 


--- 
- 
lTHl'-;-TZH 
i 
5.0 
Clock 
Rise and 
Fall 
Times 
- 
- 
15 
••• 
10 
- 
- 
5 
15 
- 
- 
4 
----- --------- 


A_~~B~"--+--~ 


C 
In. 
~ 
~ 


CR 
~ 
j 
j 
h 
~t"L._ 


s~~ 


Word 
1: 
0.0111100· 
+60 


Word 2' 
0.0110010 
- +50 
---- 
- 
0.1101110 
'"'+110 


Word 3- 
1.1011011 
- 
-37 


Word 4: 
1.1001110 
.••.-50 


1Jl101001 
.••.-87 


Word 
1: 
1.1000011 
~-61 


Word 
2: 
1.1001101 
- ~ 
1.001סס OO .••.-112 


Word 3: 
0.0100100" 
+36 


Word 4: 
0.0110001· 
+49 


~-+85 • 


• 


Vos:a 
VOH 
- 
VOD 


VOO 
- 
- 
VGS 
VOH 


VOS" 
VOL 


VOO" 
VGS 
VOL 


Vss 
_______ 
r:: 


Programmabl. 
Pul_ 
G.n •. ator 
S2 
III 


MC140328 


~ 
Li 


Voo 


Vss 


Voo 


5C»O 
Vss 


VSS 


VOL 


MC140388 


VOO 


VSS 


VSS • 


VOO 


VOH 


VOL 


@MOTOROLA 


8-BIT 
UNIVERSAL 
BUS REGISTER 


The 
MCI4034B 
is a bidirectional 
B-bit 
static 
parallel/serial, 
input/output 
bus rtlllister. 
The device contains two sets of input/ 
output 
lines which allows the bidirectional 
transfer of data between 
two 
buses; the conversion 
of serial data to parallel form, 
or the 
conversion 
of 
parallel 
data to 
serial form. 
Additionally 
the serial 
data input allows data to be enterad shift/right, 
while shift/left 
can 
be accompolished by hard-wiring each paralle' output to the previous 
parallel bit input. 


Other useful applications 
for this device include pseudo-random 
code generation, 
sample and hold 
register, frequency 
and phase- 
comparator, 
address or 
buffer 
rtlllister, 
and serial/parallel 
input/ 
output conversions. 


• 
Bidirectional 
Parallel Data Input 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range ~ 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range. 


• 
Pin-for·Pin Replacement for CD4034B. 


Symbol 
Parameter 
Valu. 
Unit 


VOO 
DC 
Supply 
Voltage 
-O.Sto 
+18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOD 
+ 0.5 
V 


lin. 'out 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
~10 
mA 
Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tote 
Storage Temperature 
-65 to + 150 
'C 


TL 
Lead Temperature 
(8-Second Soldering) 
260 
'C 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65°C 
to 85°C 
Ceramic "L" 
Package: 
-12mW/oC 
from 
10QoC 
to 125°C 


ThiS 
device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static 
voltages 
or electric 
fields. 
However, 
precautions 
must 
be taken 
to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this 
high·im- 
pedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the 
range VSS •• (Vin or Vout) 
•• VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either 
VSS or VOO). Unused outputs 
must be left open. 


,.1'- 


1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
1123 


PSUF.FIX 


PLASTIC 
PACKAGE 


CASE 
7011 


C Series: 
-40"C 
to 
+8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


24 


2 
23 


3 
22 


4 
21 


5 
20 


II 
19 


18 


8 
17 


9 
16 


10 
15 


11 
14 


12 
13 


Voo 
Tlow. 
25°C 
Th· ••• • 


Ch.rec,.,istic 
Svmbol 
Vde 
Min 
MI' 
Min 
Typ '" 
Mo. 
Min 
MI' 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 
V1n:. 
VODQrO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin'" 
OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vde 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vde) 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(yo 
= 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vde 
1VO = 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0· 
5.50 
- 
7.0 
- 
1VO = 1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
tAL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vde) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
1VOH = 4.6 Vdel 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
1VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 


1VOH • 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Device) 
IOH 
mAde 


1VOH = 2.5 Vde) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdel 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH = ~.5 Vdel 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdel 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
1VOL = D.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device 
I 
lin 
15 
- 
to.l 
- 
to.ooool 
to.1 
- 
t 1.0 
••Adc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
t 0.3 
- 
t 0.ססOO 1 
to.3 
- 
t 1.0 
~Adc 


Input Capacitance 
Cin 
- 
_. 
- 
- 
5.0 
7.5 
- 
- 
pF 


(V In = 0) 
. 


Quiescent 
Current 
IAL 
Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
IAAdc 
(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 


15 
- 
20 
- 
0.030 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVIce) 
100 
50 
- 
50 
- 
0.010 
50 
- 
375 
IAAdc 
(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply 
Current-· 
t 
IT 
5.0 
IT' 
(2.2 ~A/kHz! 
f t 100 
J,lAdc 


(DynamIC 
plus 
Quiescent, 
10 
IT = 
14.4 ~A/kHzI 
I t 
100 
Per Package) 
15 
IT = 
(6.6 ~A/kHzl 
I t 
100 
(CL 
= 50 pF on all outputs. 
all 


buffers 
switching) 


3·State 
Output 
Leakage Current 
ITL 
15 
- 
to.l 
- 
to.OOOl 
to.l 
- 
t3.0 
"Ade 
IAL Device! 
- 
- 
- 


3·State Output 
Leakage Current 
'TL 
15 
- 
t1.0 
- 
~O.OOOI 
t1.0 
- 
t7.5 
I'Adc 
(CL/CP Device! 
- 
- 
- 
II 


~ 
Symbol 
VDD 
Mln 
Typ# 
MoJo 
Unit 
VcIc 


Output 
RiM Time A or B 
'TLH 
nl 


'TLH· 
(3.0 nl/pF) CL + 30 nl 
5.0 
- 
180 
380 


'TLH· 
(1.5 nl/pF) CL + 15 m 
10 
- 
90 
180 


'TLH· 
11.1ni/pFI CL + 10 nl 
15 
- 
65 
130 


OutPU' FoilTimoA 0' 8 
'THL 
nl 


'THL· 
11.5nl/pF) CL + 25 m 
5.0 
- 
100 
200 


'THL· 
(0.75 nl/pF) CL + 12.5 nl 
10 
- 
50 
100 


'THL· 
(0.55 ni/pFI CL + 9.5 nl 
15 
- 
40 
80 


Prapeption DelayTime 
A (8) Synchronous P.raUn oat8 Input. 
'PLH, 
nl 


8 (AI Po,olle' De'o OutPu' 
'PHL 
'PLH, 'PHL ·11.7 ni/pFI CL + 440 nl 
5.0 
- 
525 
1050 


'PHL. 'PHL· 
10.66ni/pFI CL + 172 nl 
10 
- 
205 
410 


'PLH, 'PHL • (0.5 nl/pF) CL + 120 nl 
15 
- 
145 
290 


Propagetion OeleY'Time 
A (8) Asynchronous p.,..n.1 Datil Input 
'PLH, 
nl 


8 (AI Pe,ol'e' Do,e OutPu' 
'PHL 
'PLH, 'PHL = 11.7ni/pFI CL + 420 nl 
5.0 
- 
505 
1010 


'PLH, 'PHL • (0.66 ni/pFI CL + 147 nl 
10 
- 
180 
360 


'PLH, 'PHL • (0.5 nl/pF) CL + 105 nl 
15 
- 
130 
260 


Clock Pul•• Width 
'WH 
5.0 
340 
170 
ns 
10 
140 
70 
- 
15 
110 
55 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
2.5 
1.2 
MHz 
10 
- 
6.0 
3.0 
. 
15 
- 
8.0 
4.0 


Clock Pulse Rise 
'TLH, 'THL 
5.0 
- 
- 
15 
"I 
10 
- 
- 
5 
15 
- 
- 
4 


A, B Input setup Time 
'au 
5.0 
100 
35 
nl 
10 
45 
15 
- 
15 
35 
12 
- 


High LevelSE, PIS, A/S PulseWid'h 
'WH 
5.0 
600 
200 
- 
nl 
10 
270 
90 
- 
15 
200 
80 


"A" Enoble 
PIS 
A/8 
A/S 
MODE 
OPERATION' 


a 
a 
a 
x 
S.rial 
Synchronous Serial data input, A and 8 parallel data outputs di.~led. 


a 
a 
, 
X 
StIriel 
Synchronous Serial data input. B'P.'allal data outPut. 


a 
, 
a 
a 
P.r.llel 
B Synchronous p.,.lIel data inputs. A·Paralleldata outputs di.ebled. 


a 
, 
a 
, 
P.rallel 
B Asynchronous P.r.llel data inputs, A·P.r.llel data outputs disabled. 


a 
1 
, 
a 
P.ralle' 
A·Paralleldata input,disabled. B·P.,allel data output •. 


a 
, 
1 
1 
P.rallel 
A·P.rall" data inputs disabl.d. B·Par-,I.1data outputs. 


1 
a 
a 
x 
S.rial 
Synchronous Mrial data input. A,Paralleld.t. 
outPut. 
, 
a 
I 
X 
S.ri.1 
Synchronous ••rial d.t. 
input, B·P.r.II.1 d.t. 
output. 
I 
, 
a 
a 
P.r.1I.1 
B-SynchronousP••.•11.1d.t. 
input. A-P.rall.1 d.ta output. 
, 
I 
a 
, 
P.rall.1 
B·AsynchronousP.r.II.1 data input. A·P••.•1I.1data output. 
, 
1 
, 
a 
P.r.1I.1 
A-SynchronOUIP.r.Il.1 d.t. 
input. B·P.r.Il.1 data output. 
, 
1 
, 
1 
P••.•II.1 
A-Alynchronoul P••.••I•• d.t. 
input. B-P••.•II.1data output. 


x - Don't C.r. 
tOutputs ch.nge at positi". transition of clock in the ••rial mod. and wh.n the A/S 
input il low in the paral'.1 mod._ 


During tranlf.r from parall.' to serial op.ration. A!S should r.m.in low in ordar to pra".nt 
Os tranlt.r 
into flip-floPI. 


Oete 


A' 
A2 
A3 
A4 
AS 
A6 
A7 
A8 
Seriel O~te 
Input 


Eneble 
A 


EXPANDED 
Al8 


BLOCK 
DIAGRAM 
Parallel/Seriel 
PIS 
Control 


Logic 


A,vn/Syn 
A/s 


Clock 


81 
82 
83 
84 
85 
86 
87 
88 


Oeta 


The MC14034B 
is composed 
of eight register cells can· 


nected 
in 
cascade 
with 
additional 
control 
logic. 
Each 
register 
cell is composed 
of one "0" 
master·slave 
fl ip-flop 
with 
separate 
internal 
clocks. 
and two data 
transfer 
gates 
allowing 
the 
data 
to 
be transferred 
bidirectionally 
from 
bus 
A to 
bus 
B and 
from 
bus 
B to bus A, and 
to be 
memorized. 
Besides 
the 
single phase clock 
and the serial 
data inputs. 
the control 
logic provides four other 
features: 


A Enable 
Input 
- 
When high, 
this 
input 
enables 
the 
bus A data lines. 


A/B 
Input 
(Data 
A or 
BI - 
Th is input 
controls 
the 
direction 
of data 
flow: 
when 
high, 
the 
data 
flows from 


bus 
A to 
bus 
B; when 
low. 
the 
data 
flows 
from 
bus 
B 
to bus A. 


PIS 
Input 
(P.allel/Seriall 
- 
This 
input 
controls 
the 
data 
input 
mode 
(parallel 
or serial I. When high. the data is 
transferred 
to the register 
in a parallel asynchronous 
mode 
or a parallel synchronous 
mode 
(positive clock transition). 


When low, the data 
is entered 
into the register 
in a serial 
synchronous 
mode 
(positive clock transition). 


A/S 
Input 
(Asynchronous/Synchronous 
to the Clockl 
- 
When 
this 
input 
is high, 
the 
data 
is transferred 
inde· 


pendently 
from 
the 
clock 
rate; 
when 
low. 
the clock 
is 
enabled 
and the data is transferred 
synchronously. 


A2 A3A4A5A6A7 
171819202122 
_LJ_LL 


A/8 " 
s.,lal10 
Oete 
Parellel 
13 
Serle. 


6 Stage, 
ISamea' 
Stag. 
1) 


-r.-r.- 
765432 
828384 
8&'S681 


\_-- 


Programmable 
Pulse 
Generator 


Serial 
Data 
VOO 


PIS 


AIS 


Clock 
• 


• 


A "High" 
'''Low'') 
on the Shift Left/Shift Right input allows serial 
data on the Shift Left Input (Shift Right Input) to enter the register 
on the positi••••transition of the clock signal.A "high" on the" A" 
Enable Input disables the "A" 
parallel data lines on Reg. 1 and 2 and 
enables the "A" 
data lines on registers 3 and 4 and allows parallel data 
into registers 1 and 2. Other 
logte schemes may be used in piece of 
registers 3 and 4 for parallel loeding. 


When parallel inputs are not used Reg. 3 and 4 and associated logte 
••.• not required. 


·Shift left input must be diS8bled during per.II,lantrv. 


® MOTOROLA 


4-BIT PARALLEl·IN/PARALLEl-QUT 
SHIFT REGISTER 


The 
MC 14035B 
4·bit 
shift 
register 
is constructed 
with 
MOS 
P- 


channel 
and 
N·channel 
enhancement 
mode 
devices 
in a single mono· 
lithic 
structure. 
It consists 
of a 4-stage 
clocked 
serial-shift 
register 
with 
synchronous 
parallel 
inputs 
and 
buffered 
parallel 
outputs. 
The 
Parallel/Serial 
(P/S) 
input 
allows 
serial-right 
shifting 
of data 
or syn- 


chronous 
parallel 
loading 
via inputs 
OPO thru 
0P3. 
The True/Com· 


plement 
(T /C) 
input 
determines 
whether 
the 
outputs 
display 
the a 
or Q outputs 
of the 
flip·flop 
stages. 
J·K logic forms 
the serial input 
to the 
first 
stage. 
With 
the J and 
K inputs 
connected 
together 
they 
operate 
as a serial "0" 
input. 


This 
device 
may 
be effectively 
used 
for shift-right/shift-Ieft 
regis· 


ters. 
parallel·to-serial/serial·to·parallel 
conversion, 
sequence 
genera· 


tion, 
up/down 
Johnson 
or ring counters, 
pseudo·random 
code gener· 


ation, 
frequency 
and 
phase 
comparators, 
sample 
and 
hold 
registers, 
etc .. 


• 
4·Stage 
Clocked 
Serial·Shift 
Operation 


• 
Synchronous 
Parallel 
Loading 
of all Four 
Stages 


• 
J·K Serial 
Inputs 
on First 
Stage 


• 
Asynchronous 
True/Complement 
Control 
of all Outputs 


• 
Fully 
Static 
Operation 


• 
Asynchronous 
Master 
Reset 


• 
Oata Transfer 
Occurs 
on the Positive·Going 
Clock 
Transition 


• 
No Limit 
on Clock 
Rise and Fall Times 


• 
All Inputs 
are Buffered 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 
• 
Capable 
of Driving 
Two Low-power 
TTL Loads 
or One 
Low-power 
Schottky 
TTL Load Over the Rated 
Temperature 
Range 


Symbol 
P.rameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
0510 
. 180 
V 


v*". Vout 
Input 
or Output 
Voltage 
(DC 
or TranSient) 
0510 
VOO 
- 0 5 
V 


lin· 
lout 
Input 
or Output 
Current 
(DC 
or Translenl). 
per 
Pin 
-10 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage 
T.emperature 
6510 
. 150 
C 


TL 
Lead 
Temperature 
(a-Second 
Soldenng) 
260 
C 


'Maxlmum 
Ratings 
are 
those 
values 
beyond 
which 
,1amage 
to the 
deVice 
may 
occur 


tTemperature 
Derating: 
PlastiC 
"p" 
Package" 
12mW'''C 
from 
65 C to 85 C 


CeramiC 
"L" 
Package 
12mW"C 
lrom 
lODe 
10 125'C 


INPUTS 
'"OUTPUT 


C 
J 
K 
R 
ao 
....r 
0 
0 
0 
0 
....r 
0 
1 
0 
ao(n- 
1) 
~ 
1 
0 
0 
QO(n 
- 1) 


--" 
1 
1 
0 
1 
'- . . 
0 
OO,(n 
1) 
. . . 
1 
0 


X"" 
Don't 
C.r • 
PIS· 
0 • Seri.t Mode 
TIC'" 
1 • True Outputs 


4-BIT 
PARALLEL-IN!P 
ARALLEL·OUT 


SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C to + 8S"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


II 


Voo 
Tlow. 
25°C 
Th'oh • 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Mi" 
Typ ••• 
M•• 
Min 
M•• 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = Voa or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4'.95 
5.0 
- 
4.95 
- 
Vdc 
Vin = 0 or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" Level 
VIL 
Vdc 
(VO = 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 
1VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
1VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
'OH 
mAde 


1VOH = 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1. 
7 
- 
(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
I 


-088 
- 
-0.36 
- 
1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
1VOH = 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc! 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL = 1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICl/CP 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdc! 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-09 
- 
1VOH = 13.5 Vdc) 
15 
-3.6 
- 
-30 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc! 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc! 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
to.' 
- 
to.OOool 
±O.l 
- 
! 1.0 
,..,Adc 


Inpul Current ICL/CP Device) 
lin 
15 
- 
± 0.3 
- 
to.OOOOl 
to.3 
- 
± 1.0 
,..,Adc 


Input Capacitance 
Gin 
- 
.. 
- 
- 
5.0 
7.5 
- 
- 
pF 


1Vin = 0) 


Quie$Cent Current tAL Device) 
100 
5.0 
5.0 
0.006 
5.0 
150 
,..,Adc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.006 
20 
- 
150 
J,.I:Adc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply 
Current-· 
t 
IT 
5.0 
IT a 11.0 "A/kHz} 
f + 100 
,...Ade 


(Dynamic 
plus 
Quiescent, 
10 
IT = 12.0 "A/kHz) 
f + 100 
Per Package) 
15 
IT = (3.0 "AlkHzH 
+ 100 
ICL 
= 50 pF 
on 
all 
outputs, 
all" 


buffers 
switching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
How· 
ever, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO' 


Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
Jevel (e.g., 
either 
VSS or VOO)' 
Unused 
outputs 
must be left open. 


Voo 
Character.atlc 
Symbol 
Vde 
Mln 
Typ '" 
M•• 
Unit 


Output Rise and Fall Time 
tTLH, 
ns 


TTLHt 
TTHL 
= (1.5 
ns/pF) 
Cl + 25 
ns 
tTHL 
5.0 
- 
100 
200 


TTLH. 
TTHL 
- (0.75 
ns/pF) 
CL + 12.5 
ns 
10 
- 
50 
100 
TTlH. TTHL = (0.55 
ns/pF) Cl + 12.5 
ns 
15 
- 
40 
80 


Propagation Delay Time. Clock or Reset to a 
tpLH, 
ns 


TpLH. 
TpHL-(1.75 
ns/pF) 
CL+223 
ns 
'PHL 
5.0 
- 
300 
600 
TpLH. 
TPHL 
- (0.70 
ns/pF) 
CL +89 
ns 
10 
- 
130 
260 
TpLH. 
TPHL 
- (0.53 
ns/pF) 
CL + 67 ns 
15 
- 
95 
190 


Clock 
Pulse 
Width 
'WH 
5.0 
335 
135 
- 
ns 
10 
165 
45 
- 


15 
125 
40 
- 


Reset 
Pulse 
Width 
'WH 
5.0 
400 
80 
- 
ns 


10 
175 
40 
- 


15 
130 
35 
- 


Reset Removal Time 
trem 
5.0 
80 
40 
- 
ns 


10 
30 
15 
- 
15 
25 
10 
- 


Clock Pulse Rise and Fall Time 
'TLH. 
'THL 
5.0 
- 


10 
No 
Limit 
15 


Clock Pulse Frequency 
'el 
5.0 
- 
2.5 
1.2 
MHz 


10 
- 
6.0 
2.0 
15 
- 
10 
3.0 


J-K 
to Clock 
Setup 
Time 
'su 
5.0 
500 
120 
- 
ns 


10 
200 
50 
- 
15 
150 
30 
- 


Clock 
to J-K 
Hold 
Time 
'h 
5.0 
40 
-40 
- 
ns 


10 
30 
-5 
- 


15 
25 
0 
- 


PIS to Clock Setup Time 
'su 
5.0 
500 
25 
- 
ns 


10 
200 
10 
- 
15 
150 
7.5 
- 


Clock 
10 PIS 
Hold 
Time 
'h 
5.0 
30 
-70 
- 
ns 


10 
20 
-20 
- 
15 
20 
-10 
- 


Op 
to Clock 
Setup 
Time 
'su 
5.0 
500 
90 
- 
ns 


10 
200 
20 
- 
15 
150 
15 
- 


Clock 
to Op 
Hold 
Time 
'h 
5.0 
90 
-25 
- 
ns 


10 
40 
0 
- 
15 
40 
5 
- 


II 


Op3'2 


Dp2' ,o---(>o~----------------- 


Op 1 10o---{):o- 


OpO 
9 


'303 


K 
3 
R 


'.02 
I 


C 
60-{>o 
-L 


'50' 


R 
so--{>o-- 


2o----{::x>- 
, 
QO 
TIC 


Right Shift 0-------- ...• 
S.rlal 
Input 
R_t0--------------' 


® MOTOROLA 


TRIPLE 
SERIAL 
ADDERS 


The MC14032B and MC1403BB triple serial adders have the clock 
and carry reset inplJts common 
to all three adders. The carry is 
added on the positive·going clock transition for the MC14032B, and 
on the negative·going c1oc~ transition 
for the MC1403BB. Typical 
applications include serial arithmetic units, digital correlators, digital 
se'vo 
control 
systems, datal ink 
compu,ers, 
and flight 
control 
computers. 


• 
Buffered Outputs 


• 
Single·PhaseClocking 


• 
Supply Voltage Range= 3.0 Vdc to 1B Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range. 


• 
Pin·for·Pin Replacement for CD4032B and CD4038B. 


Symbol 
Per.meter 
Value 
Ufllt 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOD 
+05 
V 


lin_ lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pin 
~10 
mA 


Po 
Power 
Dissipation. 
per 
Packaget 
500 
mW 


Tsto 
Storage 
Temperature 
- 65 to + 150 
'C 


TL 
Lead Temperature (O·Second Soldering) 
260 
'C 


·Maxinlum 
Ratings 
are those 
values 
beyond 
which 
damage 
10 the 
device 
may 
occur. 


tTemperature 
D&rating: 
Plastic 
"p" 
Package: 
-12mW/oC 
from 
65°C 
10 85°C 


Ceramic 
"l" 
Package: 
- 12mWioC 
from 
1cOGe to t 25°C 


ThiS device contains 
protection 
circuitry 
to guard against damage due to high 
static voltages 
or elf'lctric fields. However. precautions 
must be taken to avoid 
applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 


impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS 
:!E;;; (Vin or Vout) 
:!E;;; VOO' 


Unused inputs must always be tied to an apprC'priate logic voltage level (e.g., 
either VSS or VOO)' Unused outputs must be left open. 


I 
I 
I 
I 
I 
_____ 
...J 


MC14038B 
FOR COMPLETE DATA 
SEE MC14032B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series 
- 40·C 10 + 85"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


A110 
6111 


Invert 
1 
7 


A213 
6212 


Invert 2 
5 


A31S 
831 .• 


Invert 
3 
2 


Clock 
3 


C.rry R••• t 
• 


• 


The 
MCl4040B 
12-stage 
binary 
counter 
is constructed 
with 
MOS 
P-channel 
and N-channel 
enhancement 
mode devices 
in a single mono- 
lithic 
structure. 
This 
part 
is designed 
with 
an input 
wave 
shaping 
circuit 
and 
12 
stages 
of 
ripple-carry 
binary 
counter. 
The 
device 
advances 
the 
count 
on 
the 
negative-going 
edge 
of 
the 
clock 
pulse. 
Applications 
include 
time 
delay 
circuits, 
counter 
controls, 
and 
fre- 


quency~riving 
circuits. 


• 
Fully 
Static 
Operation 


• 
Diode 
Protection 
on All Inputs 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two low-power 
TTl 
loads 
or One 
low-power 
Schottky 
TTl load 
Over the Rated 
Temperature 
Range 


• 
Common 
Reset 
line 


• 
Pin-for-Pin 
Replacement 
for CD4040B 


Symbol 
Paramet.r 
Valu. 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin_ 'out 
Input or Output Current (DC or Transient), per Pin 
:10 
mA 


Po 
Power Dissipation. per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
·C 


TL 
lead 
Temperature (8·Second Soldering) 
260 
·C 


~M8)(imum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: - 12mW/oC 'rom 65°C 10 85°C 
Ceramic "l" 
Package: -12mwrC 
from 1000e 10 125°C 


Q4. 
Pin 5 
05- 
Pin3 
OS - Pin 2 


Voo - Pin 16 


Vss• 
Pin 8 
07. Pin" 
aa-Pln'3 
Qg-Pln 
12 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series' 
-40·C 
to +85·C 


MC14XXXBCP 
(Plastic 
Package) 


MC 14XXXBCL 
(Ceramic 
Package) 


CLOCK 
RESET 
OUTPUT STATE 
...r 
0 
No Chene- 
"'- 


a 
Adv.nce to next 
st.t. 


)( 
1 
All Outputs .r.low 


Voo 
T1ow• 
25°C 
Thiah • 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ ••• 
M•• 
Min 
M•• 
Unit 


OutPut 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
_. 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
= 
0 or 
VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
_. 


Inpul 
VOltage 
"0" 
Level 
V,L 
Vdc 


(Vo 
= 
4.5 
or 0.5 
Vdc) 
50 
- 
1.5 
.- 
2.25 
1.5 
- 
1.5 


(VO 
= 
9.0 or 1.0 Vdc) 
10 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
= 
13.5 or 
'.5 
Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V,H 


(VO 
= 
0.5 or 4.5 
Vdc) 
5.0 
35 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO 
= 
1.0 or 9.0 
Vdc) 
10 
70 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
= 
'.5 
or 13.5 
Vdc) 
15 
110 
- 
110 
8.25 
- 
11.0 
- 


Output 
DrIve 
Current 
fAL 
DeVice) 
'OH 
mAde 


1VOH 
2.5 Vdcl 
Source 
5.0 
-30 
- 
-2.4 
-4.2 
- 
-17 
- 


(VOH' 
46 
Vdcl 
50 
-0.64 
- 
-0.51 
--088 
- 
-0.36 
- 


1VOH" 
9 5 Vdcl 
10 
-1.6 
- 
-13 
-2.25 
- 
-0.9 
- 


(VOH" 
13.5 Vdcl 
15 
-4.2 
_. 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL 
"0.4 
Vdcl 
SInk 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 05 
Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 15 
Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Current 
(CUe? 
Device) 
'OH 
mAde 


1VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-21 
-4.2 
- 
-1.7 
- 


1VOH 
= 4.6 Vdcl 
50 
-0.52 
- 
-044 
-0.88 
- 
-0.36 
- 


1VOH 
= 9.5 Vdcl 
10 
-13 
- 
-·1 
1 
- 2.25 
- 
-0.9 
- 


1VOH 
= 13.5 Vdcl 
15 
-3.6 
-- 
-- 30 
-8.8 
- 
-2.4 
- 


IVOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
11 
225 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVice) 
lin 
15 
- 
!O 1 
- 
'000001 
to.l 
- 
, 1.0 
JJAdc 


Input 
Current 
fCLlep 
Devlcel 
I,n 
15 
, 03 
- 
'000001 
, 0.3 
- 
, 1.0 
/ol"Adc 


lnpul 
CapacItance 
Con 
- 
- 
- 
5.0 
7.5 
.- 
- 
pF 


IVJn~O) 


QUiescent 
Current 
(AL 
Devlcel 
'00 
5.0 
- 
50 
- 
0.005 
5.0 
- 
150 
JJAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
0.Q15 
20 
- 
600 


QUIescent 
CUffent 
(CUe? 
Devlcel 
'00 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAde 


(Per 
Packagel 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
.- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current- 
- t 
IT 
50 
'T 
10.42 pA/kHl) 
f • 100 
,uAde 


(Dvnamlc 
plus 
QUIescent, 
10 
'T =10.85 pA/kHll 
I • IDO 
Per Package) 
15 
'T =(1.43 
pA/kHzJ 
f' 
100 


(CL 
50 pF 
on all outputs, 
all 


buffers 
sWllchlng) 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


This device contains protection 
circuitry 
to guard against damage due to high static voltages 


or electric 
fields. However, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this high-impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS ~ (Vin or Vout) ~ VOO. 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or 
VOO)· Unused outputs 
must be left open. 


• 


• 


Voo 
Ch.r.ct.rl.Uc 
Symbol 
Vde 
Mln 
Typ 
if 
Mox 
Unit 


Output Rise and Fall Time 
tTLH. 
ns 


TTLH. 
TTHL~(1.5 
nslpF) 
CL +25 
ns 
tTHL 
5.0 
- 
100 
200 


TTLH. 
TTHL 
- (0.75 
nslpF) 
CL + 12.5 
ns 
10 
- 
50 
100 


TTLH. 
TTHL 
~ (0.55 
nslpF) 
CL +9.5 
ns 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH. 
Clock to at 
tpHL 
ns 


tpHL. 
tPLH 
~ 
(1.7 
ns/pF) 
CL 
+ 
315 
ns 
5.0 
- 
260 
520 


'pHL. 
tpLH 
~ 
(0.66 
ns/pF) 
CL 
+ 
137 
ns 
10 
- 
115 
230 


IpHL. 
tpLH 
= 
(0.5 
nS/pF) 
CL 
+ 
95 ns 
15 
- 
80 
160 


Clock 
to 012 
ns 


tpHL. 
tPLH 
= (1.7 
ns/pF) 
Cl 
+ 2415 
ns 
5.0 
- 
1625 
3250 


tpHL. 
tpLH 
= (0.66 
ns/pF) 
Cl 
+ 
867 
os 
10 
- 
720 
1440 


tpHL. 
tpLH 
~ 
(0.5 
ns/pF) 
CL 
+ 
475 
ns 
15 
- 
500 
1000 


Propagation Delay Time 
tpHl 
ns 


Reset to an 


IpHL 
= 
(1.7 
ns/pF) 
CL 
+ 
485 
os 
5.0 
- 
370 
740 


tPHL 
~ 
(0.66 
ns/pF) 
CL 
+ 
182 
ns 
10 
- 
155 
310 


tPHL 
= 
(0.5 
ns/pF) 
CL 
+ 
145 
ns 
15 
- 
115 
230 


Clock Pulse Width 
tWH 
5.0 
385 
140 
- 
ns 


10 
150 
55 
- 


15 
115 
38 
- 


Clock Pulse Frequency 
tel 
5.0 
- 
2.1 
1.5 
MHz 


10 
- 
7.0 
3.5 


15 
- 
10.0 
4.5 


Clock 
Rise 
and 
Fall 
Time 
fTLH. 
tTHL 
5.0 
ns 


10 
No Limit 


15 


Reset 
Pulse 
Width 
tWH 
5.0 
960 
320 
- 
ns 


10 
360 
120 
- 


15 
270 
80 
- 


Reset Removal Time 
trem 
5.0 
130 
65 
- 
ns 


10 
50 
25 
- 


15 
30 
15 
- 


~The formulas 
given are for the typical 
characteristics 
only at 25°C. 


#Data 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 
intended 
as an indication 
of the Ie's potential 
performance. 


FIGURE 
1 - 
POWER 
DISSIPATION 
TEST 


CIRCUIT 
AND 
WAVEFORM 
FIGURE 
2 - 
SWITCHING 
TIME 
TEST 


CIRCUIT 
AND 
WAVEFORMS 


1 
2 
4 
8 
16 
32 
64 
128 
256 
512 
1024 
2048 
4096 
CiOck 1..JLJl..f1..JL.J L.J L.J L.J L.J L.J -U- 
-U- L.J -U- L 


01~ 
l.-l.-l.-l.-l.-l.-l.-l.-l.-l.- 
L 


02 __ 
~Il.- 
l.- l.- l.- l.- l.- l.- l.- l.- l.- L 


03 
--.r-l.-l.- l.- l.- l.- l.- l.- l.- l.- L 


04 
--.r-l.-l.- l.- l.- l.- l.- l.- l.- L 


as 
--.r-l.-l.- l.- l.- l.- l.- l.- L- 


06 
--.r-l.-l.- l.- l.- l.- l.- L 


07 
. 
....s- l.- L- l.- L- 
L- L 


as 
--.r-l.-l.- l.- l.- L 


Og 
--.r- L- l.- l.- L 


0'0 
--.r-l.-l.- L- 


a" 
~ 
l.- L 


012 
~ 
L 


A 60 Hz sinewave obtained through a 1.0 Megohm 
resistor connected directly to a standard 120 Vac power 
line is applied to the clock input of the MC14040B. By 
selecting outputs 05, 
010, all. 
and 012 division by 


3600 is accomplished.TheMC14012Bdecodesthe counter 
outputs, produces a single output pulse, and resetsthe 
binary counter. The resulting output 
frequency is 1.0 
pulse/minute. 


1.0 M 
MC14040B 


-C\:r- 
c 
as 
1.0 Pulse/MInute 


;;>20 pF1 
010 
Output 


120 Vac 
II 


60 H, 
all 


~ 


R 
012 


Vss 


• 


The MC14042B 
Quad Transparent 
Latch is constructed 
with 
MaS P-channel and N-channel enhancement 
mode devices in a 
single monolithic 
structure. 
Each latch has a separate data input, 
but all four 
latches 
share a common 
clock. 
The clock 
polarity 
(high or low) 
used to strobe data through 
the latches 
can be 
reversed using the polarity input. Information 
present at the data 
input is transferred 
to outputs 
Q and 0 during the clock level 
which is determined by the polarity input. When the polarity input 
is in the logic "0" 
state, data is transferred 
during the low clock 
level, and when the polarity 
input is in the logic "1" 
state the 
transfer occurs during the high clock level. 


• 
Buffered Data Inputs 


• 
Common Clock 


• 
Clock Polarity Control 


• 
Q and Q Outputs 


• 
Double Diode Input Protection 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Par.met.r 
Value 
Unit 


VDD 
DC Supply 
Voltage 
~ 05 
to 
+ 18 0 
V 


V1n· 
Voul 
Input 
or Oulput 
Voltage 
(DC 
or Transient) 
- 0 5 10 VOO 
+ 05 
V 


Iln· lout 
Input 
or Output 
Current 
(DC 
or 
Transient). 
per 
Pin 
""0 
mA 


PD 
Power Dlsslpallon, per Packaget 
500 
mW 


T sto 
Storage Temperature 
-65 
to 
+ 150 
·C 


T L 
Lead 
Temperature 
(a-Second Soldering) 
260 
·C 


"MaXimum RatIngs are those values beyond whiCh damage 
to the device may occur 


t Temperature Derating 
PlastiC "p" 
Package: 
- 12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: - 12mWrC 
from lODoe to 125 


DC 


QUAD 
TRANSPARENT 
LATCH 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series' 
- 40"'C to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MCUXXXBCL 
(Ceramic 
Package) 


CLOCK 
POLARITY 
Q 


0 
0 
D ••• 


1 
0 
Latch 
1 
1 
Dot. 


0 
1 
Lot.<:h 


Voo 
Tlow. 
25°C 
Thi•••• 
Ch.racte,istic 
Symbol 
Vd. 
Min 
MIx 
Mi" 
Typ# 
MIx 
Min 
MIx 
Unit 


Output 
VOltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 


Vin-VOOorQ 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
-OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(VO ' 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 . 
- 
4.0 


"',' 
Level 
VIH 
1VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO 
= 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current fAL Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH • 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-36 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
10.1 
t 0.0000 1 
to.l 
t 1.0 
~Adc 


Input Current ICL/CP Device) 
lin 
15 
- 
%. 0.3 
- 
to.OOOOl 
to.3 
- 
11.0 
~Adc 


Input 
Capacitance 
Gin 
- 
.. 
- 
- 
50 
7.5 
pF 


1Vin = 01 


QUiescent Current 
tAL 
Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
jolAdc 


(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUiescent 
Current 
ICLlCP 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
JO 
,.,.Adc 


(Per Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT - 11.0 "AlkHzl 
f + 100 
IJAdc 
(Dynamic plus Quiescent, 
10 
IT· 
(2.0 "A1kHzl 
f + 100 
Per Package) 
15 
IT - (3.0 "A/kHz) 
f + 100 


(CL 
'" 50 pF on all outputs, 
all 
buffers sWitching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However. 


precautions 
must be taken to avoid applications 
of any voltage higher than maximum 
rated voltages 
10 this high-impedance 
circuit. For proper 
operation, 
Vin and Vout should be constrained 
to the range VSS ~ (V1n or Vout) 
:I!iiO VOO. 


Unused 
in puiS must always be lied to an appropriate 
logic voltage 
level (e.g. 
eIther VSS or VOO). Unused 
outputs must be 
left open. 
• 


• 


SWITCHING CHARACTERISTICS· 
(CL 
E 50 pF. TA = 25~CI 
Ch.r.cteristie 
Symbol 
VOO 
Min 
Typ" 


Output Rise and Fall Time 
tTLH· 


'TLH. 'THL - 
(1.5 ns/pF) CL + 25 ns 
tTHL 
5.0 
- 
lliO 


'TLH. 'THL - 
(0.75 ns/pF) CL + 12.5 ns 
10 
'. 
50 


'TLH. 'THL - 
(0.55 ns/pF) CL + 9.5 ns 
'5 
- 
40 


Propagation Delay Time. 0 to a. Q 
!IPLH. 
I 
tPLH. tpHL = (1.7 ns!pFI CL + 135 ns 
tPHL 
5.0 
- 
220 


tPLH. tpHL 
% (0.66 nS/pFI CL + 57 ns 
,0 
- 
90 


tPLH. 'PHL = (0.5 ns/pFI CL + 35 ns 
15 
- 
60 


Propagation Delay Time. Clock to C. Q 
tPLH. 
tPLH. tpHL 
= 11.7 ns/pF I CL + 135 ns 
'pHL 
5.0 
- 
220 


tPLH. tpHL = (0.66 nslpFI CL + 57 ns 
,0 
- 
90 


tPLH. tpHL 
= 10.5 ns/pFI CL + 35 ns 
25 
- 
60 


Clock Pulse Width 
twH 
5.0 
300 
150 
10 
100 
50 
15 
80 
40 
I 0_ '",- "'- .""'~ "m. 
E 


I 
tTLH· 
I 


'THL 
5.0 
- 
- 


I 
10 
I = 
- 
------_-ru'5 
1.--.=--~:- 


'h 
50 
100 
50 
10 
50 
25 
15 
40 
20 


'su 


i 


5.0 
I 
50 
0 
I 
10 
30 
0 
----l- 
15 
25 
0 


Max 
Unit 


ns 


200 
100 
80 


ns 
440 
180 
120 


ns 
440 


I 


180 
120 


ns 
- 
-- 


I 
,..s 
15 
5.0 
4.0 


ns 


--- 


ns 
--- 


00 
Data Input 


00 
3 


01 
10 
Du 
01 
9 


11 
a Output 
01 
02 


02 
12 
02 
03 
03 
03 
.5 
Q Output 


For Power Dissipation 
test, each output 
is 8 
VSS 
loaded with capacitance CL" 


Clock 
00 


POI.rity 
00 


0' 
DO 
0' 


0' 
02 


02 
02 
03 
03 
03 


8 
VSS 


-= 


• 


®MOTOROLA 
MC140448 
QUAD 
"NAND" 
R-S LATCH 


CMOS MSI 
QUAD 
R-S LATCHES 


The MC14043B and MC14044B quad R-S latches are constructed 
with 
MOS P-channel and N-channel enhancement mode devices in a 
single monolithic 
structure. 
Each latch has an independent Q output 
and set and reset inputs. The Q outputs 
are gated through 
three- 
state 
buffers 
having a common 
enable input. 
The outputs 
are 
enabled with 
a logical "1" 
or high on the enable input; 
a logical 
"0" 
or 
low· disconnects 
the 
latch 
from 
the 
Q 
outputs. 
result- 


ing in an open circuit at the Q outputs. 


• 
Double Diode Input Protection 


• 
Three-State Outputs with Common Enable 


• 
Outputs Capable of Driving Two Low-power TTL Loads or One Low- 
Power Schottky TTL Load Over the Rated Temperature 
Range 


• 
Supply Voltage Range = 3_0Vdc to 1BVdc 


L SUFFIX 
CERAMIC 
PACKAGt: 


C 6,SE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40°C 
to + 85°C 


MC14XXXBCP 
(plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


S R 
E 
a 


X 
X 0 
High 
Impedance 
0 0 
1 
1110 Chang. 
0 
1 
1 
0 
1 0 
1 
1 
1 1 
1 
1 


S R E 
a 


X x 0 
High 


Impedance 
0 
0 
1 
0 
0 
1 1 
1 
1 0 
1 
0 
1 
1 1 No Chong. 


Voo 
T10w 
25°C 
Thi •••• 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ '" 
Mo. 
Min 
Mo. 
Unit 


OutPut 
Voltage 
"0" 
Level 
VOL 
50 
005 
- 
0 
0.05 
0.05 
Vdc 


V,n-VOO 
or 0 
10 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
0 
0.05 
- 
0.05 


.,," 
Level 
VOH 
5.0 
495 
.. 
4.95 
5.0 
4.95 
- 
Vdc 


V1n """0 or 
VOO 
10 
9.95 
.. 
9.95 
10 
- 
9.95 
- 


15 
1495 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(VO = 4.5 0' 0 5 Vdcl 
50 
- 
15 
- 
225 
1.5 
- 
1.5 


(VO=90m 
1.0Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO= 
13.5 0,1.5 
Vdc) 
15 
- 
40 
- 
675 
4.0 
- 
4.0 


"'" 
level 
VIH 
(VO - 0.5 '" 4.5 Vdel 
5.0 
3.5 
- 
3.5 
275 
3.5 
- 
Vdc 


evO = 1.0 0' 9.0 Vdcl 
10 
7.0 
- 
70 
5.50 
- 
7.0 
- 
fVO-l 
5 or 135 
Vdcl 
15 
110 
- 
110 
8.25 
- 
11.0 
- 


Output 
Drive 
Cuoenl 
tAL 
Device) 
'OH 
mAde 


(VOH = 2 5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH = 46 
Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdc) 
10 
-1.6 
_. 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH -13.5 
Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
50 
0.64 
- 
051 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
13 
2.25 
- 
0.9 
- 
(VOL = 1 5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
DeVice) 
'OH 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
·4.2 
- 
-1.7 
- 


(VOH -46 
Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH -9.5 
Vdcl 
10 
-1.3 
.. 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH -13.5 
Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdc) 
Sink 
'OL 
50 
0.52 
.. 
044 
0.88 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
225 
- 
09 
- 


(VOL - 
1.5 Vdcl 
15 
3.6 
.. 
3.0 
8.8 
- 
2.4 
- 


Input Current 
lAt 
Devlcel 
'in 
15 
.. 
,01 
- 
,000001 
-01 
- 
:!: '.0 
~Adc 


Input 
CUHent 
ICLlCP 
Device) 
lin 
15 
- 
'03 
- 
-0.00001 
'03 
.- 
, 10 
j,lAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 
(V,n =01 


QUIescent 
Current 
(AL 
DeVice) 
100 
50 
- 
1.0 
- 
0.002 
1.0 
- 
30 
",Adc 


(Per 
Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


QUIescent 
Curren 
I lCLlCP 
DeVice) 
'DO 
50 
- 
4.0 
- 
0.002 
4.0 
- 
30 
IJAdc 


(Per 
Package) 
10 
_. 
8.0 
- 
0.004 
8.0 
.. 
60 


15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply 
Current"· 
t 
IT 
5.0 
IT = (0.58 ~A/kHz) 
f 
• 
100 
IJAdc 
(Dvnamic 
plus Quiescent, 
Per Package) 
10 
IT = (\ .15 ~A/kHz) f. 
100 
(CL '" 50 pF on all outputs, 
all outputs 
15 
IT = (\ .73 ~A/kHz) f • 
100 
switching) 


Three-State 
Output 
Leakage Current 
'TL 
15 
- 
<0.1 
- 
.0.0001 
.0.1 
- 
<3.0 
~Adc 
(Al 
np.\"cel 


Three-State 
Output 
L_kage 
Current 
ITL 
15 
- 
.1.0 
- 
.0.0001 
t1.0 
- 
.7.5 
,uAdc 
(CL/CP Device) 
• 


Symbol 
Peramete, 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to 
+ 18.0 
V 


t Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
-0.5 
to VOO +0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
torage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead Temperature (S·Second Soldering) 
260 
·C 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
•••• (Vin 
or 


Vout) 
'" 
VOO' 


Unused inputs 
must always 
be tied to an ap- 


propriate 
logic voltage 
level (e.g .• either 
VSS 
or VOO). 
Unused 
outputs 
must be left open. 


"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: 
Plastic "P" Package: - 12mWrC 
from 65°C 1085°C 
Ceramic "L" Package: -12mW/oC 
from 
tOOGe 
to t25°C 


CharKt.riltic 
Symbol 
VDD 
Mln 
Typ# - 


Unit 
VcIc 


Output 
Rise Time 
'TLH 
nl 
tTLH 
- (1.35 nl/pFI 
CL + 32.5 nl 
5.0 
- 
100 
200 
tTLH· 
10.60nl/pFI 
CL + 20 nl 
10 
- 
50 
100 
tTLH 
• 10.40nl/pF 
I CL + 20 nl 
15 
- 
40 
80 


Output 
F.U Time 
tTHL 
nl 
tTHL· 
11.35nl/pF) 
CL + 32.5 nl 
5.lJ 
- 
100 
200 
'THL· 
10.60nl/pF) 
CL + 20 nl 
10 
- 
50 
100 
tTHL· 
(0.40 nl/pF) 
CL + 20 nl 
15 
- 
40 
80 


ProPagation 
Oel.y 
Time 
tpLH 
nl 
tPLH 
- 10.90nl/pFI 
CL + 130 nl 
5.0 
- 
175 
350 
tPLH 
• 10.36ns/pFI 
CL + 57 nl 
10 
- 
75 
175 
tpLH 
• (0.26 nl/pFI 
CL + 47 nl 
15 
- 
60 
120 


tPHL· 
10.90nl/pFI 
CL + 130 ns 
tpHL 
5.0 
- 
175 
350 
nl 
tpHL· 
10.90nl/pF) 
CL + 57 ns 
10 
- 
75 
176 
tPHL· 
10.26nl/pFI 
CL + 47 ns 
16 
- 
60 
120 


set, Set Pula. Width 
tw 
6.0 
200 
80 
- 
nl 
10 
100 
40 
- 
16 
70 
30 
- 


R••• t, R••• t Pula. Width 
tw 
6.0 
200 
80 
- 
ns 
10 
100 
40 
- 
16 
70 
30 
- 
Th •••• Stat. 
Enebl./Dilebl. 
Ool.y 
tpLZ· 
6.0 
- 
150 
300 
no 
IpHZ· 
10 
- 
80 
160 
IpZL· 


IPZH 
15 
- 
66 
110 


Voo 


Set 


Vss 
Vss 


VOO 


A_t 
Vss 


VOH 
Q 


VOL 


tPHL 
t"LH 


.MC14043B 
MC140446 


TE5T 
ENABLE 
51 
52 
a 
5 
R 
5 
R 


tpZH 
J 
Open 
Clo~ed 
A 
VDD 
VSS 
VSS 
VDD 


tpZL -.r 
Closed 
Open 
B 
VSS 
VDD 
VDD 
VSS 


IPHZ "--- 
Open 
Closed 
A 
VDD 
VSS 
VSS 
VOD 


tpLZ '- 


Closed 
Open 
B 
VSS 
VOD 
VDD 
VSS 


To 


Output 
Under 
Test 


VDD 


Enable 


VSS 


VDD 


°A 


VOL 


VOH 


°B 


VSS 


The MC14049UB 
hex inverter/buffer 
and MC14050B 
non- 


inverting 
hex buffer are constructed 
with 
MOS P-channel and 
N-channel 
enhancement 
mode devices 
in a single monolithic 
structure. 
These complementary 
MOS devices find primary use 
where 
low 
power 
dissipation 
and/or 
high 
noise immunity 
is 
desired. These devices provide logic-level conversion using only 
one supply voltage, 
VOO' The input-signal 
high level (VIH) can 
exceed the VOO supply voltage for logic-level conversions. 
Two 
TTUOTL 
Loads can be driven 
when the devices are used as 
CMOS-to-TTLIOTL 
converters 
(VOO = 
5.0 V, VOL'" 
0.4 
V, 


IOL ~ 
3.2 mAl. Note that pins 13 and 16 are not connected in- 
ternally 
on these devices; 
consequently 
connections 
to these 
terminals will not affect circuit operation. 


• 
High Source and Sink Currents 
• 
High-to-Low 
Level Converter 
• 
Supply Voltage Range = 3.0 V to 18 V 
• 
Meets JEDEC UB Specifications- 
MC 14049UB 
Meets JEOEC B Specification-MC14050B 


• 
VIN can exceed VOO 


Symbol 
P.rame'.r 
Valu. 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin 
Input Voltage (DC or Transient) 
-0.510 
+ 18.0 
V 


Vout 
Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin 
Input Current (DC or Transient), per Pin 
·10 
mA 


lout 
Output Current (DC or Transient), per Pin 
+45 
mA 


T.,n 
Storage 
Temperature 
-65 
to + 150 
'C 


TL 
lead 
Temperature (a-Second Soldering) 
2S0 
'C 


Inverting - MC14049UB 
Noninverting - MC14050B 


~ 
.••• 
,."f)r~~)~ 
ij U •• ~~'~ 
~ 
~ 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: - 40"C to + 8S"C 


MC14XXXBCP 
or UBep 
(Plastic 
Package) 


MC14XXXBCL 
or UBCL 
(Ceramic 
Package) 


MCI4049UB 
MC140SOB 


3-{)o-2 
3-{>-2 
s---{>--. 
5-{>-4 


7-{)o-S 
7-{>-6 
9-{)o-10 
9-{>-10 
l'-{)o-12 
1'-{>-12 


'''-{)o-15 
14-{>-15 


NC = Pin 13, 
16 
NC = Pin 13. 
16 


VSS = Pin 8 
VSS = Pin 8 
VOO = Pin 1 
VOO = Pin 1 


Voo 
Tlow. 
25°C 
ThHlh· 


Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ ••• 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin ""'VOOarO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


Vin 
= 
0 or VOO 
"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
MCI4049UB 
"0" 
Level 
VIL 
Vdc 
(VO 
t 4.5 Vdcl 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 


(VO - 9.0 Vdcl 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 
(VO' 
13.5 Vdcl 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"1" Level 
VIH 
Vdc 
(Vo - 0.5 Vdcl 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 


(VO 
t 1.0 Vdcl 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 


(VO - 1.5 Vdcl 
15 
12.5 
_. 
12.5 
8.25 
- 
12.5 
- 


Input Voltage 
MCI4050B 
"0" 
Level 
VIL 
Vdc 
(VO - 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO - 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
Vdc 
(VO - 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO - 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
t 
13.5 Vdcl 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output 
Drive Current 
IAL Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.6 
- 
-1.25 
-2.5 
- 
-0.9 
- 


(VOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.6 
- 
-0.9 
- 


(VOH • 13.5 Vdcl 
15 
-4.7 
- 
-3.75 
-10 
- 
-2.7 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
3.75 
- 
3.2 
6.0 
- 
2.2 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
10 
- 
8.0 
16 
- 
5.6 
- 


(VOL' 
1.5 Vdcl 
15 
30 
- 
24 
40 
- 
17.0 
- 


Output 
Drive Current 
(CL/CP 
DeVice) 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0 
-1.5 
- 
-1.25 
-2.5 
- 
-1.0 
- 


(VOH • 9.5 Vdc) 
10 
-1.5 
- 
-1.3 
-2.6 
- 
-1.0 
- 


(VOH 
t 13.5 Vdc) 
15 
-4.5 
- 
-3.75 
-10 
- 
-3.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
3.6 
- 
3.2 
6.0 
- 
2.6 
- 
mAde 


(VOL' 
0.5 Vdc) 
10 
9.6 
- 
B.O 
16 
- 
6.6 
- 


(VOL' 
1.5 Vdc) 
15 
28 
- 
24 
40 
- 
19 
- 


Input Current"(AL 
Device) 
lin 
15 
- 
'0.1 
- 
'0.ססOO1 
,0.1 
- 
,1.0 
JlAdc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
'0.3 
- 
'0.ססOO1 
'0.3 
- 
,1.0 
~Adc 


InpUt 
Capacitance 
Gin 
- 
- 
- 
- 
10 
20 
- 
- 
pF 
(Vin -01 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
IJAdc 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent Current 
ICLlep 
Device) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
,UAdc 
IPer Packagel 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total Supply Current··t 
IT 
5.0 
IT' 
(1 B "A/kHzlf 
+ 100 
.uAdc 
(Dynamic plus Quiescent, Per Package) 
10 
IT' 
(3.5 "AlkHzlf 
+ 100 
(CL SO pF on all outputs, 
all buffers 
switching) 
15 
IT' 
(5.3 "A/kHz 
If + 100 


·Tlow = - SS"C for AL Device. - 40"C for CLlCP Device. 
Thigh= + 12S"C for AL Device, +8S"C for CLlCP Device. 
• 


Voo 
Ch.rect.,istic 
Symbol 
Vdc 
Min 
Typ 
lit 
M•• 
Unit 


MC14049UB 


Output 
Rise Time 
ITLH 
ns 
ITLH 
• 10.8 nsipFI 
CL + 60 ns 
5.0 
- 
100 
160 
ITLH 
• 10.3 nsipFI 
CL + 35 ns 
10 
- 
50 
100 
ITLH 
• 10.27 nsipFI 
CL + 26.5 ns 
15 
- 
40 
60 


Output 
Fall Time 
ITHL 
ns 
ITHL 
= 10.3 nsipFI 
CL + 25 ns 
5.0 
- 
40 
60 
ITHL' 
10.12 nsipFI 
CL + 14 ns 
10 
- 
20 
40 
ITHL' 
10.1 nsipFI 
CL + 10 ns 
15 
- 
15 
30 


Propagation 
Delay Time 
IPLH 
ns 
IPLH • 10.38 nsipFI 
CL + 61 ns 
5.0 
- 
80 
120 
IpLH 
= 10.20 ns/pFI 
CL + 30 ns 
10 
- 
40 
65 
IpLH 
• 10.11 ns/pFI 
CL + 24.5 
ns 
16 
- 
30 
50 


Propaglltion 
Delay Time 
IPHL 
ns 
IPHL = 10.38 ns/pFI 
CL + 11 ns 
5.0 
- 
30 
60 
IpHL· 
10.12 ns/pFI 
CL + 9 ns 
10 
- 
15 
30 
IPHL' 
10.11 ns/pFI 
CL + 4.5 ns 
15 
- 
10 
20 


MC14060B 


Output 
Rise Time 
ITLH 
ns 
ITLH 
= 10.7 nsipFI 
CL + 65 ns 
5.0 
- 
100 
160 
ITLH 
= 10.25 ns/pFI 
CL + 37.5 
ns 
10 
- 
50 
80 
ITLH 
= 10.2 nsipFI 
CL + 30 ns 
15 
- 
40 
60 


Output 
Fall Time 
ITHL 
ns 
ITHL 
• 10.2 nsipFI 
CL + 30 ns 
5.0 
- 
40 
60 
ITHL 
= 10.06 ns/pFI 
CL +17 ns 
10 
- 
20 
40 
ITHL 
- fO.04 nsipFI 
CL + 13 ns 
15 
- 
15 
30 


ProP8Oltion 
Delav 
Time 
IpLH 
ns 
IPLH = fO.33 nsipFI 
CL + 63.5 
ns 
5.0 
- 
80 
140 
IpLH' 
10.19 ns/pFI 
CL + 30.5 
ns 
10 
- 
40 
80 
IPLH - 10.06 nsipFI 
CL + 27 ns 
15 
- 
30 
60 


Propeoation 
DeI.y 
Time 
IPHL 
n, 
IPHL 
• 10.2 nslpFJ 
CL + 30 ns 
5.0 
- 
40 
80 
IPHL 
= 10.1 nsipFI 
CL + 15 ns 
10 
- 
20 
40 
IpHL' 
10.05 ns/pFI 
CL + 12.5 ns 
15 
- 
15 
30 


·The formulas given are for the typical characteristics 
only at 25°C. 


*Data 
labelled 
"Typ" 
is not to be used 
for design 
purposes 
but is 


intended 
as an indication 
of the 
IC's 
potential 
performance. 


MC14049UB 
MC14050B 


18 
18 


i 
i 
IS 
~ 
~ 
w 
~ 
'"~ 
~ 


+12SoC 
c> 
> 
10 
•.. 
•.. 


~ 
=>~ 
•.. 


=> 
g 
c 
:: 
0 
> 


10 
IS 
18 
10 
IS 
18 
Vin INPUT VOLTAGE 
("de) 
Vin INPUT VOLTAGE 
(Vdel 


-T_l--r----~-l 


i 
PLASTIC 
OR CERAMIC 
I 
PACKAGE 


--1=~8~- 


it~ 
zo 
;;: 
:: 


~ 
Q; 600 
Ci.!' 


a;::;: 
SIlO 
~~ 
~~ 
400 
'" 
'" 
300 
;; 


~ 
200 
,. 


~ 
tOO 
o 
25 


This device 
contains 
circuitry 
to pro- 


tect the inputs 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields 


referenced to the VSS pin, only. Extra 
precautions 
must be taken to avoid 
ap- 
plications 
of any voltage 
higher 
than the 
maximum 
rated voltages 
to this high-im- 
pedance 
circuit. 
For proper 
operation, 


the ranges 
VSS ,,; Vin ,,; 18 V and VSS 


,,; Vout ,,; VOO are recommended. 


Unused 
inputs 
must always 
be tied to 
an appropriate 
logic voltage 
level (e.g., 


either 
VSS or VOO) 
Unused 
outputs 
must be left open. 


160 
..~ 120 
>-z 
w~~ 
=0 
U~ 80 
zv; 
>- 
~ 40 
9 


#In\lert 
on MC14049UB 
only 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
!l 


NC = No Connection 
• 


• 


® MOTOROL.A 


ANALOG MUl TIPlEXERS/OEMUl 
TIPlEXERS 


The 
MC14051B, 
MC14052B, 
and 
MC14053B 
analog 
multiplexers 
are 
digitally-controlled 
analog 
switches. 
The 
MC14051B effectively 
implements 
an SP8T solid stale switch, the 
MC14052B a DP4T, and the MC14053B 
a Triple SPDT. All three 
devices feature low ON impedance and very low OFF leakage cur- 
rent. Control of analog signals up to the complete supply voltage 
range can be achieved. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Analog Voltage Range (VDD - VEE) = 3 to 18 V 
Note: VEE must be '" VSS 


• 
Linearized Transfer Characteristics 


• 
Low-Noise 
-12 
nV/.;cycre, 
f •• 1 kHz typical 


• 
Pin-for-Pin Replacement 
for CD4051, CD4052, and CD4053 


• 
For 4PDT Switch, See MC14551B 


• 
For Lower RON, Use the HC4051, HC4052, or HC4053 
High-Speed CMOS Devices 


Symbol 
Parameter 
Value 
Unit 


vOO 
DC Supply Voltage (Referenced to VEE. 
Vcc 
•• VEE) 
-0.510 
+ 18.0 
V 


V1n_ Voul 
Input or Output Voltage (DC or Transient) 
(Referenced to VSS for Control Inputs and VEE 


for 
Switch 
110) 
-05 
to VOO +0.5 
V 


lin 
Input 
Current 
(DC 
or Transient), 


per Control Pin 
",'0 
mA 


Isw 
Switch 
Through 
Current 
",25 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
°c 


TL 
Lead Temperature (8-Second Soldering) 
260 
°C 


*Maxlmurn RatIngs are those values beyond which damage to the device may occur 


tTemperature 
Deratlng' 
Plastic 
"p" 
Package 
- 12mWrC 
from 
65°C 
to 85°C 
Ceramic "L" Package 
-12mW/oC from 
100"C to 12S"C 


MC14051B 


S-Channel 
Analog 
Multiplexer 
/Oemultiplexer 


MC14052B 


Oua. 4-Channel 
Analog 
Mu Itiplexer/Oemultiplex 
••. 


MC140528 
MC140538 


ANALOG MUl T1PlEXERS/ 
OEMUl T1PlEXERS 


CASE 
620 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


C Series: 
- .•ogc to 
+ 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


MC14053B 


Triple 2-Channel 
Analog 
Multiplexer/Oemu 
Itiplex ••. 


{ 


6 


) 


ConHol, 
11 


13 
10 
9 


12 
Commons 


Outll;witCh 
•• 
{,~ 


tn/Out 
1 


3 
5 


3 


X -{)3 


X2 
COrfllnon 
Switch 
•• 


X3 
Outlln 
In/Out 


X4 


X5 


X6 


X7 


Voo 
z Pin 
16 
VaO'" 
Pin 
16 
VSS = Pin 8 
VSS '" Pin 8 


VEERPin7 
VEERPin7 


Note: Control 
Inputs referenced 
to VSS. An-'og 
Inputs and Outputs 
reference 
to VEE. 
VEE must be <.: VSS. 


Von"" Pin 16 


Vss 
"" Pin 
8 
VEEzPin7 


2S"C 


Typ# 


Power 
Supply 
Voltage 
VDD 
- 
VDD-3" 
VSS" 
VEE 
3 
18 
3 
- 
18 
3 
18 
V 


Range 


QUiescent 
Current 
Per 
'DD 
5 
Conlrollnputs 
Vm = VSS 
or VOQ. 
- 
5 
- 
0005 
5 
- 
ISO 
~A 


Package (Al Device) 
10 
SWitch 
110 
VEE ~ VI/O .•• VOD. 
- 
10 
- 
0010 
10 
- 
300 


15 
and 
dVSWllCh 
:so;500 
mV •• 
- 
20 
- 
0015 
20 
- 
600 


QUIescent 
Current 
Per 
'DD 
5 
Controllnpuls 
Vm = VSS 
or VOD. 
- 
20 
- 
0005 
20 
- 
150 
~A 


Package 
(CLJCP 
Device) 
10 
SWitch 
I/O 
VEE 
$0 VI10 
"" VOD. 
- 
40 
- 
0010 
40 
- 
300 


15 
and 
.6.Vswltch 
"!it 
500 
mV" 
- 
80 
- 
0015 
80 
- 
600 


Total Supply 
Currenl 
'D(AV) 
5 
T A 
= 25°C 
only 
{ 
(0 07 ~A/kHZ)f 
+ 
'DD 
~A 


(Dynamic 
Plus 
QUiescent, 
10 
(The 
channel 
component, 
Typical 
(020 
•.•.A/kHz)f 
+ 100 


Per Package) 
15 
(Vm - VOul)/8on. 
IS not 
(036 
loLA/kHz)' + laD 


Included) 


low-Level 
Input 
Voltage 
V'L 
5 
Ron 
= 
per 
spec, 
- 
1 5 
- 
225 
1 5 
- 
I 5 
V 


10 
loff = 
per 
spec 
- 
30 
- 
450 
30 
- 
30 


15 
- 
40 
- 
675 
40 
- 
40 


HIgh-Level 
Input 
Voltage 
V,H 
5 
Ron 
= 
per 
spec, 
35 
- 
35 
275 
- 
35 
- 
V 


10 
loll 
:: 
per 
spec 
70 
- 
70 
550 
- 
70 
- 


15 
110 
- 
110 
825 
- 
110 
- 


Input 
Leakage 
Current 
I,n 
15 
Vm 
= 
0 or VOO 
- 
:::01 
- 
:::000001 
:::01 
- 
:::10 
~A 


(AL 
DeVice) 


Input 
Leakage 
Currenl 
I,n 
15 
Vln = 
0 or VDD 
- 
~03 
- 
:!: 000001 
~03 
- 
:!: 10 
~A 


(CL/CP 
DeVice) 


Input 
CapacItance 
C,n 
- 
- 
- 
- 
50 
75 
- 
- 
pF 


Recommended 
Peak-to- 
VIIO 
- 
Channel 
On or Off 
a 
VDD 
a 
- 
VDD 
0 
VDD 
Vpp 


Peak 
Voltage 
Inlo 
or 


Oul 
01 the SWitch 


Recommended 
StatiC 
or 
~Vswltch 
- 
Channel 
On 
0 
600 
0 
- 
600 
a 
300 
mV 


DynamiC 
Voltage 
Across 


Ihe 
SWlIchu 
(Figure 
5) 


Output 
Offset 
VOllage 
VDO 
- 
Vin = 
OV, 
No load 
- 
- 
- 
10 
- 
- 
- 
~V 


ON 
ReSistance 
Ron 
5 
~Vswltch 
OliO 
500 
mVu, 
- 
800 
- 
250 
1050 
- 
1300 
n 


(AL 
DeVice) 
10 
Vin = 
VIL or VIH 
(Control). 
- 
400 
- 
120 
500 
- 
550 


15 
and 
Vin = 
0 to VDD 
(Switch) 
- 
220 
- 
80 
280 
- 
320 


ON 
ReSistance 
Ron 
5 
~Vswltch 
OliO 
500 
mVu, 
- 
880 
-, 
250 
1050 
- 
1200 
n 


(CUCP 
DeVice) 
10 
Vln 
= VIL or VtH 
(Control). 
- 
450 
- 
120 
500 
- 
520 


15 
and 
V1n = 
0 to VOD 
(Switch) 
- 
250 
- 
80 
280 
- 
300 


~ ON 
ReSistance 
Between 
~Ron 
5 
- 
70 
- 
25 
70 
- 
135 
n 
Any 
Two Channels 
10 
- 
50 
~ 
10 
50 
- 
95 
In the Same 
Package 
15 
- 
45 
- 
10 
45 
- 
65 


Oil-Channel 
Leakage 
loll 
15 
Vm 
= VtL or VIH 
(Control) 
- 
:!: 100 
- 
~O 
05 
:!: 100 
- 
:!: 1000 
nA 
Current 
(AL 
DeVice) 
Channel 
to Channel 
or 


(Figure 
10) 
Any One 
Channel 


Off-Channel 
Leakage 
loft 
15 
V1n = 
VIL or VIH 
(Control) 
- 
~300 
- 
~O 
05 
~300 
- 
:!: 1000 
nA 


Current 
(ClICP 
DeVice) 
Channel 
10 Channel 
or 


(Figure 
10) 
Any One 
Channel 


CapaCitance, 
Swllch 
110 
CliO 
- 
Inhibit 
= VDD 
- 
- 
- 
10 
- 
- 
- 
pF 


CapaCItance, 
Common 
OIl 
COli 
- 
Inhibit 
= VDD 
(MC14051B) 
- 
- 
- 
60 
- 
- 
- 
pF 


(MCI4052B) 
32 


(MC14053B) 
17 


CapaCitance, 
Feedthrough 
ClIO 
- 
Pins 
Not Adjacent 
- 
- 
- 
0,15 
- 
- 
- 
pF 
(Channel 
011) 
- 
Pins Adjacent 
- 
- 
- 
047 
- 
- 
- 


• 
T low = - 55·C 
for AL DevIce, 
- 40· 
lor ClICP 
Device 


Thigh 
= 
+ 125·C 
lor AL DeVice, 
+85·C 
lor ClICP 
DeVice 


# Oat a labeled 
"Typ" 
IS not 10 be used 
for deSign 
purposes, 
but IS Intended 
as an indication 
of the Ie's 
potenllal 
performance 


uFor 
Voltage 
drops 
across 
the SWitch (~Vswltch) 
>600 mV (>300 
mV at high 
temperature), 
excessive 
VOO 
current 
may 
be drawn, 
I e 
the currenl 


out of the SWitch may contain 
both 
VOO 
and 
SWitch 
Input 
components 
The 
reliability 
of the deVice 
Will be unaffected 
unless 
the MaXimum 
Rat- 


Ings are exceeded 
(See 
flrsl page 
01 thiS data 
sheet) 


•• 


II 


Propagation 
Delay 
Times 
(Figure 
6) 


Switch 
Input to Switch 
Output 
tAL· 10 kfii 


MC14051 
tpLH 
tPHL' 
10.17 nl/pFI 
CL .26.5 
nl 
tpLH' tpHL' 
10.08 nl/pFI 
CL + 11 nl 
tPLH: tpHL • 10.06 ns/pFI 
CL + 9.0 nl 


MC14052 


tPLH 
tpHL' 
CO.17nl/pFI 
CL + 21.5 ns 


tPLH' tpHL • 10.08 ns/pFI 
CL + 8.0 ns 


tPLH: tpHL • (0.06 ns/pFI 
CL + 7.0 ns 


MCI4053 


tPLH. tpHL - 10.17 ns/pF) 
CL + 16.5 nl 


tpLH 
tpHL' 
CO.08nl/pFI 
CL + 4.0 nl 
tpLH: tPHL • 10.06 ns/pFI 
CL + 3.0 nl 


Inhibit 
to Output 
(RL 
= 
10 kO. 
VEE 
""' VSS) 


Output 
"1" or "0" to High Impedance. 
or 


High Impedance to "1" or "0" 
Level 


MC140518 


5.0 
_i~_I 


5.0 1 
10 
15 


tPHZ. 
tPLZ. 


tPZH. 
tPZL 


Second 
Harmonic 
Distortion 


(RL = 
10KO, 
t = 
1kHz) 
Vi" 
= 
5 Vpp 


Bandwidth 
(Figure 
7) 
IRL = 
1 kQ. Vin 
= 
1/2 IVOO VEE, p.p, CL = 50pF 


20 Log VOUI 
= -3 
dB} 


V,n 


Off 
Channel 
Fvedthrough 
Attenuation 
(Figure 
7) 


RL = 
1KIl. 
Vin 
~ 
1/2 (VDD 
- 
VEE) 
pop 


tin = 4.5 MHz 
- 
MC1405t8 


fin 
= 30 Mttz 
- 
MC14052B 


fin 
= 55 MHz -=- MC14053B 


Channel 
Separation 
(Figure 
8) 
IRl 
= 
1 kQ. V,n ~ 
1/2 IV90-VEE, 
pop, 


'in 
= 
3.0 
MHz 


Crosstalk, 
Control 
Input 
to Common 
011 (Figure 
9) 


(R, = 
, kll, Rl 
= 10 kll 


Control 
tTLH 
= 
tTHL 
= 
20 
os. 
Inhibit 
= 
VSS) 


"The formulas 
given 
are for the typical 
characteristics 
only at 25°C. 


#oata 
labelled 
··Typ" 
is not to be used for design 
purposes 
but is 


intended 
as an Indication 
of the IC·s potential 
performance. 


I 


700 
340 
280r-:~ 


250 


550 
I 


280 
220 


360 
720 
160 
320 
120 
240 


325 
650 
n. 
130 
250 
90__ 
,..._'80 
300 
600 
n. 


120 
240 
80 
160 


0.07 
- 
" 


This device contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltages 
or electric 
fields. 
How- 
ever, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum rated voltages 
to this high- 


impedance circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS os (Vin or Vout) 
"6i VOO· 


Unused inputs must always be tiect to an appropriate 
logic voltage 
level (e.g., either 
VSS, VEE, or VOO). Unused 
outputs must be left open. 


~ 
Level t 
Converted 


Control 
1- 


- 
vss 


Control 
Inputs 


Select 
ON Switches 


Inhibit 
C· 
8 
A 
MC140518 
MC140528 
MC140538 


0 
0 
0 
a 
xo 
va 
xo 
20 
va 
xo 
a 
a 
a , 
x, 
VI 
Xl 
20 
VA 
X, 
a 
a 
1 
a 
X2 
V2 
X2 
20 
V, 
xo 
a 
a , 
1 
X3 
Y3 
X3 
20 
V, 
x, 


a 
, a 
a 
X4 
2' 
va 
xo 
a 
, a , 
X5 
21 
va 
X, 
0 
, , a 
x6 
2' 
v, 
Xo 
a 
1 
I , 
Xl 
2' 
v, 
X, 


1 . . . 
None 
None 
Non. 


XO 
12 


Xl 
14 


X2 
15 


X3 
" 


XO 12 
I 
13 X 
X113 
I 
I 
Va 
~ 
I 
I 
I 
V1 ~: 
~£t}" 


20 :: 
21 
:::~:_-----------~ 


V3 
4 
~:------------- 


In/OutrOUIlin 


ContrOl 


Inh 
6 
A 
11 


B 
'A 
C 
9 


X5 
5 


X6 
2 


Inh 
6 
All 


B 
'A 


C 
9 


• 


Control 


Section 


of Ie 


,OFF 
Channel Under Test 


oVoo 


A 
: 
0 Vee 


Other 
: 
¥ Channel(s) 
: 
0 Vee 
l' 
• OVOO 
I 
I 
I 


Common 
j.ro Vee 


OVOO 


Keithley 
160 
Digit.' 
Multim.ter 


- 


-- -- -- 


i-""'-.. 
- 


--- 
TA-12SoC- 


i.---- 
2SoC 
- 
- 
-~SOC- - 


- 


I 
I 


3S0 


Vi 
300 
~~ 250 
'-'z 
~ 200 
~ ISO 
Z 
P 
100 
Z:i 


-g- 


--1- 
------+-- 


100 


600i500 


'-'z 
400 
~::i 300 
~ 
z 
P 
200 
Z:i 100 


-- 


f 
---_ . . - 


I 
-+- 
! 
--- 
I +--r- 
-- 
--- -- --- ~t~-t-- 
- 


.... 


" 
r::t-- 
-- 


A 
\. ---t-- 
, 
"" 
1"- TA '>2S0C 
, 
.••... 
.••... 


V 
\. 
2S0C 
..•..• 


-SS~C 


I 
o 
-10 
-8.0 
~.O 
~.O 
-2.0 
2.0 
4.0 
6.0 
8.0 
10 


V,o.INPUT VOLTAGE(VOLTS! 


MC140S1B 


16 


2 
15 


3 
1. 
• 
13 


5 
12 


6 
11 


10 


8 
9 


PIN ASSIGNMENT 


MC140S2B 


Vi•• 
~ 
250 
w'-' 
~ 
200 
:;; 


~ 
150 
z 
P 100 
Z:i 
50 


-4.0 
-2.0 
2.0 
4.0 


V;o. INPUTVOLTAGE(VOLTS) 


Vi 
300 
•• 
%~ 2S0 
'-'z..• 
200 
:;; 
~ ISO 
~ 
Z 
100 
:i 


SO 


TA '"250t 
I 
I 
/'\ 
I 
I 
I 


I 
I 
_'. 
-- - 
\ VO~_: _2.SV:- 


- 
f-- 
\ 
- - 
, 
\ 


._- 


.-:. 
- 


S.OV 


7.S V 
I 
I 
I 
-8.0 
~.O 
~.O 
-2.0 
2.0 
4.0 
6.0 
8.0 
10 


V;o. INPU7 VOL7AGE (VOLTS) 


MC140S3B 


16 
III 


15 
2 
15 
,. 
3 
'" 
13 
• 
13 


12 
6 
12 


11 
6 
11 


10 
10 


9 
8 
9 
• 


Figure A illustrates use of the on-chip level con- 
verter detailed in Figures 2, 3, and 4. The 0-to-5 V 
Digital Control signal is used to directly control a 9 
VJl-p analog signal. 


The digital control logic levels are determined by 
VOO and VSS. The VOO voltage is the logic high 
voltage; the VSS voltage is logic low. For the exam- 
ple, VOO = + 5 V = logic high at the control inputs; 
VSS = GNO = 0 V = logic low. 
The maximum analog signal level is determined 
by VOO and VEE. The VOO voltage determines the 
maximum recommended peak above VSS. The VEE 
voltage determines the maximum swing below VSS. 
For the example, VOO - 
VSS = 5 V maximum 
swing above VSS; VSS - 
VEE = 5 V maximum 
swing below VSS. The example shows a ± 4.5 V 


signal which allows a V2 volt margin at each peak. " 
voltage transients above VOOand/or below VEE are 
anticipated on the analog channels, external diodes 
(Ox) are recommended as shown in Figure B. These 
diodes should be small signal types able to absorb 
the maximum anticipated 
current 
surges 
during 
clipping. 


The absolute 
maximum potential difference be- 


tween VOOand VEE is 18.0 V. Most parameters are 
specified up to 15 V which is the recommended 
maximum difference between VOO and VEE· 
Balanced supplies 
are not required. 
However, 


VSS must be greater than or equal to VEE. For ex- 
ample,Voo 
= 
+10V,VSS 
= 
+5V,andVEE 
- 3 V is acceptable. See the Table below. 


9 Vp_p 


Analog 
Signal 


MC14051B 


MC14052B 


MC14053B 


External 
CMOS 


Digital 


Circuitry 


0-10-5 
V digital 


Control 
Signals 


9 Vp_p 


Analog 
Signal 


Control Inpute 
VOO 
VSS 
VEE 
Logic High/Logic 
Low 
Maximum Analog Signal Range 
In Volts 
In Volt. 
In Volt. 
In Volt. 
In Volta 


+8 
0 
-8 
+8/0 
+8 
to -8 
= 16 Vp_p 


+5 
0 
-12 
+5/0 
+5 
to -12 
= 17 Vp_p 


+5 
0 
0 
+5/0 
+ 5 to 0 
= 5 Vp_p 


+5 
0 
-5 
+5/0 
+5 
to -5 
= 10 Vp.p 


+10 
+5 
-5 
+ 10/+5 
+10 
to -5 
= 15 Vpop 


@MOTOROLA 


The MC14060B is a 14-stage binary ripple counter with an on-chip os- 


cillator buffer. The oscillator configuration allows design of either RC or 
crystal oscillator circuits. Also included on the chip is a reset function 
which places all outputs into the zero state and disables the oscillator. A 
negative transition on Clock will advance the counter to the next state. 
Schmitt trigger action on the input line permils very slow input rise and fall 
times. 
Applications 
include 
time 
delay 
circuits, 
counter 
controls, 
and 
fre- 
quency 
dividing 
circuits. 
. 


• 
Fully static operation 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 V to 18 V 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Buffered Outputs Available from Stages 4 Through 10 and 
12 Through 14 


• 
Common Reset Line 


• 
Pin-far-Pin Replacement for CD4060B 


Clock 
RESET 
Output 
State 
-.r 
L 
No Change 


~ 
L 
Advance ~o next state 


X 
H 
All Outputs are low 


Out 2 


9 


Out 1 
10 
Clock 
110-- 


14-BIT BINARY 
COUNTER 
AND OSCILLATOR 
_., 
I -- 
, 
.. 
! 


16' 
l' 
! 
'" - 


, 


1~ I:' 
l 
l 
,t 
l 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACl(AGt:: 


CASE 
648 


C Series: 
- 40"C to + 85 


QC 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


012 
VDD 
013 
010 


014 
08 


06 
09 


05 
12 
Reset 
07 
1\ 
Clock • 


04 
10 
Out 1 


VSS 
8 
Out 2 


06 = Pin 4 08 ~ Pin 14 010 = Pin 15 
VDD ~ Pin 16 
07 = Pin6 09 ~ Pin 13 
VSS ~ Pin8 


• 


Symbol 
Par. meter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
'out 
Input or Output Current (DC or Transient), per Pin 
",'0 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 65 to 
+ 150 
"C 


TL 
Lead Temperature (a-Second Soldering) 
260 
"C 


I "I~ 
Ut:llYU.•t:lI "'UlllClI"~ 
J.JIUll::tl,;UUfI l:l'- 


cuitry 
to guard against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be taken to avoid applications 
of any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
cir- 
cuit. 
For proper 
operation, 
Vin 
and 
Vout 
should 
be constrained 
to 
the 
range 
VSS 
'" 
(Vin or You,) 
'" VOO' 


Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic voltage 
level 
(e.g., 
either 
VSS 
or 
VOO)' 
Unused 
outputs 
must be left open. 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: - 12mWrC from 6S·C to 8S·C 
Ceramic "l" 
Package: -12mWrC 
from 100·C to 12S·C 


Cherleteriotic 
Symbol 
VOO 
Tiow' 
25~C 
Th' 
h' 
Unit 
V 
Min 
MIX 
Min 
Typ •• 
MI, 
Min 
MIX 


Output Voltage 
"0" 
Level 
50 
- 
005 
- 
0 
005 
- 
0.05 


V,n=VOO 
or 0 
VOL 
10 
- 
005 
- 
0 
005 
- 
0.05 
V 
15 
- 
005 
- 
0 
0.05 
- 
005 


"1" 
Level 
50 
495 
- 
495 
5.0 
- 
495 
- 


Vln=O or VOO 
VOH 
10 
995 
- 
995 
10 
- 
995 
- 
V 
15 
1495 
- 
14.95 
15 
- 
14.95 
- 


Input VOltage 
"0" Level 


(VO=4.5 
or 0 5 VI 
VIL 
50 
- 
15 
- 
225 
1.5 
- 
1.5 
V 
(VO=9.0 
or 1 0 VI 
10 
- 
30 
- 
450 
30 
- 
3.0 
1VO= 135 or 1 5 VI 
15 
- 
4.0 
- 
6.75 
4.0 
- 
40 


"1" 
Level 
1VO=05 
or 4.5 VI 
VIH 
5.0 
35 
- 
35 
275 
- 
35 
- 
V 
1VO= 1.0 or 9.0 VI 
10 
7.0 
- 
70 
5.50 
- 
70 
- 


(VO= 
1.5 or 135 VI 
15 
110 
- 
110 
8.25 
- 
11.0 
- 
Output Dnve Current IAL Device) 
(VOH=25VI 
(Except 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-17. 
- 


(VOH = 4.6 VI Pins 9 and' 
0) 
iOH 
5.0 
-064 
- 
-0.5t 
-088 
- 
-036 
- 
mA 


(VOH =9.5 
VI 
10 
-16 
- 
-13 
-2.25 
- 
-09 
- 


(VOH= 
13 5 VI 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL =0 4 VI 
Sink 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


1VOL =0.5 
VI 
IOL 
10 
1.6 
- 
13 
2.25 
- 
09 
- 
mA 
(VOL = 1.5 VI 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Dnve Current (CL/CP 
DevIcE) 
1VOH=25VI 
(Except 
Source 
5.0 
- 2.5 
- 
-2.1 
-4.2 
- 
-1 
7 
- 


(VOH = 4.6 VI Pins 9 and '0) 
IOH 
5.0 
-052 
- 
-044 
-0.88 
- 
-0.36 
- 
mA 
(VOH =9 5 VI 
10 
-13 
- 
-11 
-225 
- 
-0.9 
- 


(VOH = 13.5 VI 
15 
-36 
- 
-30 
-8.8 
- 
-2.4 
- 


(VOL =04 
VI 
Sink 
5.0 
0.52 
- 
044 
0.88 
- 
0.36 
- 


(VOL= 05 
VI 
IOL 
10 
13 
- 
11 
2.25 
- 
0.9 
- 
mA 
(VOL = 15 VI 
15 
3.6 
- 
30 
8.8 
- 
24 
- 


Input Current tAL Device) 
I,n 
15 
- 
±0.1 
- 
±O.OOJOI 
±01 
- 
± 1.0 
,.A 
Input Current (CLlCP Device) 
I,n 
15 
- 
±0.3 
- 
±O.OOJOI 
±03 
- 
± 1.0 
,.A 
Input Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
pF 
IV,n=OI 
- 
- 


QUiescent Current (AL Devlcel 
5.0 
- 
50 
- 
0005 
50 
- 
150 
(Per Package) 
100 
10 
- 
10 
- 
0.010 
10 
- 
:m 
,.A 
15 
- 
20 
- 
0.015 
20 
- 
600 
QUIescent Current (CLlCP Device) 
5.0 
- 
20 
- 
0005 
20 
- 
150 
IPer Package) 
100 
10 
- 
40 
- 
0.010 
40 
- 
:m 
,.A 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current" 
IT 
5.0 
IT - (0.25 ,.A/kHz) 
t + 100 
,.A 


(Dynamic plus Quiescent. 
10 
IT = (0.54 ,.A/kHz) 
t + 100 
Per Package) 
'5 
IT = (0.85 ,.AikHz) 
t + 100 


(CL = 50 pF on all outputs. 
all buffers switching) 


Chlrleteriotic 
Symbol 
VOO 
Min 
Typ # 
MIX 
Unrt 


Vdc 


50 
- 
40 
200 
Output Rise Time (Counter Outputs) 
tTLH 
10 
- 
25 
100 
ns 


15 
- 
20 
80 


50 
- 
50 
200 


Output Fall Time (Counter Outputs) 
tTHL 
10 
- 
30 
100 
ns 


15 
- 
20 
80 


Propagation 
Delay T,me 
50 
- 
415 
740 


Clock 
to 04 
tPLH 
10 
- 
175 
300 
ns 


tPHL 
15 
- 
125 
200 


Clock to 014 
50 
- 
15 
27 


10 
- 
07 
13 
.s 


15 
- 
0.4 
1.0 


50 
100 
65 
- 


Clock Pulse WIdth 
twH 
10 
40 
30 
- 
ns 


15 
30 
20 
.- 


50 
- 
5 
35 


Clock Pulse Frequency 
f~ 
10 
- 
14 
8 
MHz 


15 
- 
17 
12 


tTLH 
5.0 
Clock Rise and Fall Time 
10 
No Limit 
ns 


tTHL 
15 


50 
120 
40 
- 


Reset Pulse W,dth 
tw 
10 
60 
15 
- 
ns 


15 
40 
10 
- 


Propagation 
Delay Time 
50 
- 
170 
360 


Reset to an 
tPHL 
10 
- 
80 
160 
ns 


15 
- 
60 
100 


rrT 


1"1"1" 
- 
- 
- 
- 
- 
- II 


• 


It 1kHZ 
:s 
f 
:s 
100 
kHz 


and 
2Rtc 
< As < 1DAtc 


(f 
tn Hz. 
R In ohms. 
C In farads) 


The tormual may vary for other frequencies. 
Recommended 


maximum value for the resistors is 1 MO. 


TYPICAL 
RC OSCILLATOR 
CHARACTERISTICS 


FIGURE 4 - 
RC OSCILLATOR 
STABILITY 


8.0 


4.0 
~ 
z 
0:i 
;;~ -40 


uz 
=> 
·80 
c~ 


-11 


-'6 


-55 


FIGURE 5 - 
RC OSCILLATOR 
FREQUENCY 
AS A 
FUNCTION 
OF RTC AND 
C 


100 


50 
VOO·,OV 


" 
10 


u 
10 
3 
I .s • fl.Wlctlon- 


~ 
01 C 
~ 
IRTC-56 
Idll 


0 
IRS-110 
kl 
c 
~ 
0.5 


0.1 


D.' 
1.0 k 
'0 k 
100 k 
1.0 M 
RTC. RESISTANCE10HMS) 


0.0001 
0.00' 
0.01 
D.' 
C. CAPACITANCE I,<fl 


Characteristic 
500 kHz 32 kHz 
Unit 
Circuit 
Circuit 


Crystal CharacteristIcs 


Resonant Frequency 
500 
32 
kHz 


EQUivalent 
ReSistance. 
AS 
10 
62 
kG 


External Resistor/CapaCitor 
Values 


RO 
47 
750 
kG 


CT 
B2 
B2 
pF 


Cs 
20 
20 
pF 


Frequency 
Stability 


Frequency Changes as a Function 
of VDD IT A = 25°CI 


VDD Change from 50 
V 10 10 II 
+60 
+20 
ppm 


VOO Change from 10 V to 15 V 
+20 
+20 
ppm 
Frequency Change as a Function 
of Temperature 
(VOO = 10 V) 
T A Change from 
- 55°( 
10 + 25°C 
Complete 
OSCIllator" 
T 100 
+ 120 
ppm 


T A Change from 
+ 25°C to + 125°C 


Complete 
OSCillator' 
-160 
-560 
ppm 


® MOTOROLA 


QUAD ANALOG 
SWITCH/QUAD 
MULTIPLEXER 


The MC14066B consists of four independent switches capable of 
controlling 
either digital or analog signals. This quad bilateral switch 
is useful 
in signal gating, chopper, modulator, 
demodulator 
and 
CMOS logic implementation. 


The MC14066B is designed to be pin·for·pin compatible with the 
MC14016B. but has much lower ON resistance. Input voltage swings 
as large as the full 
supply voltage can be controlled 
via each inde· 


pendent contr,ol input. 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Linearized 
Transfer 
Characteristics 


• 
Low Noise - 
12 nV /'; 
Cycle, f ;;;.1 kHz typical 
• 
Pin-for-Pin Replacement for CD4016, CD4066, MC14016B 


• 
For Lower RON, Use The HC4066 High-Speed CMOS Device 


Symbol 
Perameter 
Value 
Unit 


VOO 
DC Supply 
Voltage 
-05 
to + 18.0 
V 


Vln· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
0.5 to Voa 
+ 0.5 
V 


lin 
Input 
Current 
(DC 
or TransIent). 
per Control 
Pin 
='0 
mA 


'sw 
Switch 
Through 
Currenl 
~ 25 
mA 


Po 
Power 
DISSIpatIon. 
per Packaget 
500 
mW 


T"0 
Storage 
Temperature 
6510+150 
·C 


TL 
Lead Temperature (a-Second Soldermg) 
260 
·C 


·Maxlmum 
Ratings 
are 
those 
values beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
DeratIng. 
Plastic 
"p" 
Package: 
- 12mW·· ••C from 
6S"C to 85°C 


Ceramic 
"L" 
Package: 
-12mW'oC 
from 
100°C 
to 
125°C 


QUAD ANALOG 
SWITCH 
QUAD MULTIPLEXER 


..- ..• 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
646 


C Series: 
- 40GC to + 8SGC 


MC14XXXBCP 
(plastic 
Package) 


MC 14XXXBCL 
(CeramIc 
Package) 


'~3 
Conual 
1 
2 


1 
Out 
1 
In 1 
BLOCK 


~ 


5 
DIAGRAM 


Control 
2 
3 


4 
Ou.2 


In 2 


Conf,013 
jy6 
9 


Ou13 


8 


In 3 


~ 


2 
VOO'" 
PIn 
14 
Control 
4 
10 
VSS '" Pm 
7 


Out 
4 
11 
In 4 


InlOut 
~ 
Out/In 


contrOI~ 


Logic 
Olagram 
Restrictions 
VSS 
!:V1n 
SVOO 


VSS 
~Vout 
S-VOO 
II 


Power 
Supply 
Voltage 
voo 
- 
3 
18 
3 
- 
18 
3 
18 
V 


Range 


Quiescent 
Current 
Per 
'DO 
5 
Control 
Inputs: 
Vin = VSS 
or Vee. 
- 
0.25 
- 
0.005 
0.25 
- 
7.5 
"A 


Package 
(AL 
Oevice) 
10 
Switch 
1/0: 
VSS 
.,; VI/O 
~ 
Vee. 
- 
0.50 
- 
0010 
0.50 
- 
15 


15 
and 
6.V switch" 
500 
mV •• 
- 
1.00 
- 
0.015 
1.00 
- 
30 


Quiescent 
Current 
Per 
'DO 
5 
Control 
Inputs: 
Vin 
z: VSS or Vee 
- 
1.0 
- 
0.005 
1.0 
- 
7.5 
"A 
Package 
(CUCP 
Device) 
10 
Switch 
1/0: 
VSS 
~ 
VI/O 
~ Voo. 
- 
2.0 
- 
0.010 
2.0 
- 
15 


15 
and 
6.V switch 
~ 
500 
mV •• 
- 
4.0 
- 
0.015 
4.0 
- 
30 


Total 
Supply 
Current 
'OlAV) 
5 
TA = 
25°C 
only 
{ (0.07 "A/kHz)l + 'DO 
"A 
(Dynamic 
Plus Quiescent, 
10 
(The 
channel 
component, 
Typical 
(0.20 
j.LA/kHz)1 + 100 


Per Package) 
15 
(Vin - VOul)/Ron• 
is not 
(0.36 
JLA/kHz)f 
+ 100 


Included.) 


Low-Level 
Input 
Voltage 
V'L 
5 
Ron = 
per 
spec. 
- 
1.5 
- 
2.25 
15 
- 
1.5 
V 


10 
loll - 
per 
spec 
- 
3.0 
- 
4.50 
30 
- 
3.0 
15 
- 
40 
- 
6.75 
4.0 
- 
4.0 


High-Level 
Input 
Voltage 
V'H 
5 
Ron - per 
spec, 
3.5 
- 
3.5 
275 
- 
35 
- 
V 


10 
loff 
= 
per 
spec 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


15 
11.0 
- 
11.0 
8.25 
- 
110 
- 


Input 
Leakage 
Current 
lin 
15 
Von = 
0 or VOO 
-- 
~0.1 
- 
~0.00001 
~01 
- 
~ 1.0 
"A 
(AL 
Device) 


Input 
Leakage 
Current 
lin 
15 
Vin 
= 
0 or VOD 
- 
~0.3 
- 
=0.00001 
~03 
- 
= 1.0 
"A 
(CUCP 
Device) 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Recommended 
Peak-to- 
VI/O 
- 
Channel 
On or Olf 
0 
Voo 
0 
- 
Voo 
0 
Voo 
Vp_p 


Peak 
Voltage 
Into 
or 


Out 
of the 
Switch 


Recommended 
Static 
or 
6.Vswltch 
- 
Channel 
On 
0 
600 
0 
- 
600 
0 
300 
mV 


Dynamic 
Voltage 
Across 


the 
Switch 
•• 
(Figure 
1) 


Output 
Otlset 
Voltage 
VOO 
- 
Vln 
,. 
a v. 
No load 
- 
- 
- 
10 
- 
- 
- 
"V 


ON 
ReSistance 
Ron 
5 
6.Vswilch 
'IIi; 500 
mV ••• 
- 
800 
- 
250 
1050 
- 
1300 
n 


(AL 
Device) 
10 
Vln 
••• VtL 
or VIH 
(Controt). 
- 
400 
- 
120 
500 
- 
550 
15 
and 
Vin 
= 
0 to VOD 
(Switch) 
- 
220 
- 
80 
280 
- 
320 


ON 
Resistance 
Ron 
5 
6.Vswitch 
'IIi; 500 
mV •• , 
- 
880 
- 
250 
1050 
- 
1200 
n 


(CLlCP 
Device) 
10 
Vin = 
VIL or VIH 
(ContrOl), 
- 
450 
- 
120 
500 
- 
520 
15 
and 
Vin 
"" 0 10 VDD 
(Switch) 
- 
250 
- 
80 
280 
- 
300 


6. ON 
Resistance 
Between 
6.Ron 
5 
- 
70 
- 
25 
70 
- 
135 
n 


Any 
T'NO Channels 
10 
- 
50 
- 
10 
50 
- 
95 
In the 
Same 
Package 
15 
- 
45 
- 
10 
45 
- 
65 


Off-Channel 
Leakage 
loff 
15 
Vln = 
VIL 
or VIH 
(Control) 
- 
~ 100 - 
~0.05 
~100 
- 
=1000 
nA 


Current 
(AL 
Device) 
Channel 
to Channel 
or 
(Figure 6) 
Any 
One 
Channel 


Off-Channel 
Leakage 
'olf 
15 
V1n = 
VIL 
or VIH 
(Control) 
- 
~300 
- 
~o 05 
~300 
- 
= 1000 
nA 


Current 
(CUCP 
Device) 
Channel 
to Channel 
or 
(Figure 6) 
Any 
One 
Channel 


Capacitance. 
Switch 
1/0 
CI/O 
- 
Switch 
Off 
- 
- 
- 
10 
15 
- 
- 
pF 


Capacitance, 
Feedthrough 
CI/O 
- 
- 
- 
- 
0.47 
- 
-- 
pF 
(Switch 0«) 


'" Tlow = - 55°C 
lor AL Device. 
- 40° tor CUCP 
Device. 


Thigh 
= + 125°C 
for AL DeVIce, 
+85°C 
for CUCP 
Device. 


# Data 
labeled 
"Typ" 
is nol 
to be used 
for design 
purposes, 
but 
is intended 
as an indication 
of the 
IC's 
potential 
performance 


•• For voltage 
drops 
across 
the switch 
(6.Vswitch) 
>600 
mV (>300 
mV at high 
temperature), 
excessIve 
Voa 
current 
may 
be drawn, 
Ie 
the current 


out of the 
SWitch may 
contain 
both 
VOO and 
SWitch 
Input 
components 
The 
relIability 
of the deVice 
Will be unaffected 
unless 
the 
MaXimum 
Rat- 


Ings 
are exceeded. 
(See 
first 
page 
of this 
data 
sheet) 


Yoo 
Che,.cterl.tlc 
Symbol 
Ydc 
Mln 
Typ ••• 
M •• 
Unit 


Propagation 
Delay 
Times 
YSS-OVdc 


Input to Output 
(Al 
= 10 kfl) 
PLH. 
tPHL 
ns 


tpLH, 
tpHL-(0.17 
ns/pF) 
CL +15.5 
ns 
5.0 
- 
20 
40 


tPLH, 
IPHL 
- (0.08 
ns/pF) 
CL + 6.0 
ns 
10 
- 
10 
20 


IpLH, 
IpHL 
- (0.06 
nS/pF) 
CL + 4.0 
ns 
15 
- 
7.0 
15 


Control 
10 Output 
(Rl = 1 kO) 
(Figure 
2) 


Output "'" 
to High Impedance 
IpHZ 
5.0 
- 
40 
80 
ns 


10 
- 
35 
70 


15 
- 
30 
60 


Output 
"0" 
to High 
Impedance 
IpLZ 
5.0 
- 
40 
80 
ns 


10 
- 
35 
70 


15 
- 
30 
60 


High Impedance to Output "I" 
IPZH 
5.0 
- 
60 
120 
ns 


10 
- 
20 
40 


15 
- 
15 
30 


High 
Impedance 
to Output 
"0" 
IPZL 
5.0 
- 
60 
120 
ns 


10 
- 
20 
40 


15 
- 
15 
30 


Second Harmonic Distortion 
YSS- 
- 5 Ydc 
- 
5.0 
- 
0.1 
- 
% 


(Vin = 1.77 Vdc. 
RMS 
Centered 
@ 0.0 
Vdc. 


RL -10 
kil. 
1-1.0 
kHz) 


Bandwidth 
(Switch 
ON) 
(Figure 
3) 
YSS~ 
-5 
Ydc 
- 
5.0 
- 
65 
- 
MHz 


Vout 


(RL ~ 
1 kil. 
20 Log __ 
- 
- 3 dB. 
CL - 50 pF. Vin -5 
Vp.p) 
Vin 


Feedthrough 
Attenuation 
(Switch 
OFF) 
VSS--5Vdc 
- 
5.0 
- 
-50 
- 
dB 


(Vin 
= 
5 V pop' 
RL 
= 1 kO. fin = 
1.0 MHz) 
(Figure 
3) 


Channel Separation (Figure 4) 
VSS--5Vdc 
- 
5.0 
- 
-50 
- 
dB 


(Vin= 
5 Vp•p• Rl=1 
kO. 'in=8.0 
MHz) 


(Switch 
A ON. 
Switch 
B OFF) 


Crosstalk, 
Control 
Input 
to Signal 
Output 
(Figure 
5) 


VSS- 
-5 
Vdc 
- 
5.0 
- 
300 
- 
mVpop 


(R, 
- 
1 kil. 
RL 
- 
10 kfl, 
Control 
tTLH 
= 
tTHL 
= 
20 
ns) 


·The formulas 
gh,'en are for the typical 
characteristics 
only at 2S·C. 


#Data 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 


intended 
as an indication 
of the IC's potential 
performance. 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
:!liiO 
(Vin 
or 
Voul) 
•• VOO' 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs 
must be left open. 
• 


Control 


Section 


of IC 


Vout 
I 


Vc 
R, 1 
1"' CL 


• Vx 1 
Vin 


Voo 


Vout 
I 


1- 
tPZl 
-I 
1- 
lPLZ 


~ 


Control 


Section 


of IC 


OVss 


OVOO 
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'.0 
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10 


V,n,INPUT 
VOLTAGE 
(VOLTS) 
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ZP 
100 
Z 
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~ 
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o 
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~.O 
-2.0 
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Vin. 
INPUT 
VOL TAGE 
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FIGURE 10 - VOO • 2.5 V. Vss· 
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---l- _-=--t-=. -- 
- -- -- 
, 
\ 
-- 


~ 
._-i=;;;: 
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Von.INPUT 
VOLTAGE 
(VOLTS) 


o 
-10 
-8.0 
-li.0 
~.O 
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2.0 
4.0 
6.0 
8.0 
10 


V ••• INPUT VOLTAGE 
(VOLTS) • 


• 


Figure A illustrates 
use of the Analog 
Switch. The 
0-to-5 volt digital control signal is used to directly con- 
trol a 5 volt peak-to-peak 
analog signal. 


The digital 
control 
logic levels 
are determined 
by 
VDD and VSS. The VDD voltage is the logic high volt- 
age; the VSS voltage 
is logic low. For the example, 
VDD = + 5 V = logic high at the control inputs; VSS 
= GND = 0 V = logic low. 


The maximum analog signal level is determined 
by 
VDD and VSS. The analog voltage must swing neither 
higher than VDD nor lower than VSS. 


The example 
shows a 5 volt 
peak-to-peak 
signal 
which 
allows 
no margin 
at either 
peak. 
If voltage 
transients 
above VDD and/or 
below VSS are antici- 
pated on the analog 
channels, 
external 
diodes 
(Dx) 
are recommended 
as shown in Figure 
B. These 
di- 
odes should be small signal types able to absorb the 
maximum anticipated 
current surges during clipping. 


The 
absolute 
maximum 
potential 
difference 
be- 
tween VDD and VSS is 18.0 volts. 
Most parameters 
are specified up to 15 volts which is the recommended 
maximum difference 
between VDD and VSS. 


5 Vp_p 


Analog 
Signal 


External 
CMOS 


Digital 


Circuitry 


5 Vp_p 


Analog 
Signal 


VDD 
VDD 


Ox 
Ox 


SWitch 
Switch 
In 
Out 


Ox 
Ox 


VSS 
VSS 


® MOTOROLA 
MC14067B 
MC14097B 


CMOS 


ILoW·PoWER 
COMPLEMENTARY 
MoSI 


The 
MC14067 
and 
MC14097 
multiplexers/demultiplexers 
are 
digitally 
controlled 
analog 
switches 
featuring 
low ON 
resistance 
and very 
low leak- 


age 
current. 
These 
devices 
can 
be 
used 
in 
either 
digital 
or 
analog 
applications. 


The 
MC14067 
is a 16-channel 
multiplexer/demultiplexer 
with 
an inhibit 
and 
four 
binary 
control 
inputs 
A, B, C, and 
D. These 
control 
inputs 
select 
1-of-16 
channels 
by 
turning 
ON 
the 
appropriate 
analog 
switch 
(see 
MC14067 
truth 
table.) 
The 
MC14097 
is a differential 
8-channel 
multiplexer/demultiplexer 
with 
an inhibit 
and three 
binary 
control 
inputs 
A, B, and 
C. These 
control 
inputs 
select 
1 of 
8 
pairs 
of 
channels 
by 
turning 
ON 
the 
appropriate 
analog 
switches 
(see 
MC14097 
truth 
table). 


ANALOG 
MUL TIPLEXERS/ 


DEMULTIPLEXERS 


• 
Low 
OFF 
Leakage 
Current 


• 
Matched 
Channel 
Resistance 


• 
Low 
Quiescent 
Power 
Consumption 


• 
Low 
Crosstalk 
Between 
Channels 


• 
Wide 
Operating 
Voltage 
Range: 
3 to 18 V 


• 
Low Noise 


• 
Pin for 
Pin 
Replacement 
for 
CD4067B 
and 
CD4097B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


C Series: - 40·C to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


Me 14XXXBCL 
(Ceramic 
Package) 


MCl40678 
MCl40978 
l6-Channel 
Analog 
Dual 8-Channel 
Analog 


Multiplexer I Demultiplexer 
Multiplexer I Demultiplexer 


15 
InhibIt 
f 


Inhibit 


10 
A 
10 
A 


B 


Controls 
Controls 
11 
11 
B 


14 
C 
14 
C 


13 
D 
• 


--- 
--- 
9 
XO 
9 
XO 


8 
XI 
8 
XI 


X2 
7 
X2 


6 
X3 
6 
X3 


5 
X4 
5 
X 


Common 
X4 


X5 
X 
Out/In 
4 
X5 


3 
X6 
3 
X6 


SWitches 
2 
X7 
Switches 
2 
X7 
Commons 
In/Out 
23 
X8 
In/Out 
--- 
Out/In 
23 
YO 


22 
X9 
22 
YI 


21 
XlO 
21 
Y2 


20 
XII 
20 
Y3 


19 
XI2 
Y 
1/ 


19 
Y4 


18 
X13 
18 
Y5 


17 
X14 
VDD= 
Pin 24 
16 
Y6 


16 
X15 
VSS = P,n 12 
15 
Y7 


• 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin· Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin 
Input Current (DC or Transient), per Control Pin 
""0 
mA 


Isw 
Switch Through Current 
'" 25 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
°c 


TL 
lead Temperature (a-Second Soldering) 
260 
°C 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 


Vout) 
'" 
VDD· 
Unused inputs must always be tied to an ap- 
propriate 
logic voltage 
level (e.g., either VSS 
or VOO)' Unused outputs 
must be left open. 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWfOCfrom 65°C to 85°C 
Ceramic "L" 
Package: -12mW/oC from 100°C to 125°C 


Control 
Inputs 
Selected 
A 
B 
C 
D 
Inh 
Channel 


X 
X 
X 
X 
I 
None 
0 
0 
0 
0 
0 
XO 


I 
0 
0 
0 
0 
XI 
0 
I 
0 
0 
0 
X2 


I 
I 
0 
0 
0 
X3 
0 
0 
I 
0 
0 
X4 


I 
0 
I 
0 
0 
X5 
0 
I 
I 
0 
0 
X6 


I 
I 
I 
0 
0 
X7 
0 
0 
0 
I 
0 
X8 


I 
0 
0 
I 
0 
X9 
0 
I 
0 
I 
0 
XIO 


I 
I 
0 
I 
0 
XII 


0 
0 
I 
I 
0 
XI2 
I 
0 
I 
I 
0 
XI3 


0 
I 
I 
I 
0 
X14 


I 
I 
I 
I 
0 
XI5 


Control 
Inputs 
Selected 
A 
B 
C 
Inh 
Channels 


X 
X 
X 
I 
None 
0 
0 
0 
0 
XO 
YO 


I 
0 
0 
0 
XI 
YI 
0 
I 
0 
0 
X2 
Y2 


I 
I 
0 
0 
X3 
Y3 
0 
0 
I 
0 
X4 
Y4 


I 
0 
I 
0 
X5 
Y5 
0 
I 
I 
0 
X6 
Y6 


I 
I 
I 
0 
X7 
Y7 


It- 
A- 
S- 
I ~OF~ 16 Decoder 
C- 
D- 


111 
""',J" 
""''<> 
ox 


- 


{ 


Inhlb 
Control 
Inputs 


{ 


nh 
Control 
Inputs 


Iblt 
A- 
I ~OF~8 
Decoder 
B- 
C- 


I 


I 
2 
,.,~ 


ELECTRICAL 
CHARACTERISTICS 


Choroc'orlotlc 
~ 
To.t Condltlono 


SUPPLY 
REQU,REMENTS 
(Voltages 
Referenoed 
10 VSS) 


Power 
Supply 
VollaoJe 
VOO 
- 
3 
18 
3 
- 
18 
3 
18 
V 


Range 


QUiescent 
Current 
Per 
'DO 


I 


5 
Control Inputs: Vin = VSS or VOD. - 
5 
- 
0005 
5 
- 
150 
~A 


Package 
(AL 
Device) 
10 
Switch 
1/0; 
VSS 
:G 
VI/O 
:s;:VOD. 
- 
10 
- 
0010 
10 
- 
300 


15 
and 
6.Vswitch 
'!';i 
500 
mV •• 
- 
20 
- 
0015 
20 
- 
600 


QUiescent 
Current 
Per 
'DO 
5 
ContrOl 
Inputs 
Vin = VSS or VOD' 
- 
20 
- 
0005 
20 
- 
150 
~A 


Package 
(ellep De/Ice) 
10 
SWitch 
liO 
VEE :e;;VIIQ 
::E Voo. 
- 
40 
-- 
0010 
40 
- 
300 


15 
and ~Vswltch 
~ 500 mVu 
- 
80 
- 
0015 
80 
- 
600 


Total 
Supply 
Current 
'OlAV) 
5 
TA 
= 
25°C 
only 
{ 
(0 07 
~AlkHz)f 
+ 
'DO 
~A 


(Dynamic 
Plus QUiescent, 
10 
lThe 
channel 
component, 
Typical 
(0 20 
"",A/kHz)f 
+ laD 


Per Package) 
15 
(Vrn - Vout)iRon. 
1$ nol 
(0 36 
~A/kHz)1 
+ 
'DO 


Included) 


Low-Levpl 
Input 
voltage 
VIL 
5 
Ron ~per spec, 
- 
15 
- 
225 
1 5 
- 
15 
V 


10 
loff ~per 
spec 
- 
30 
- 
450 
30 
- 
30 


15 
- 
40 
- 
675 
40 
- 
40 


High-Level 
Il""put Voltage 
V'H 
5 
Ron ~per spec, 
35 
- 
35 
275 
-- 
35 
- 
V 


10 
loti ~per 
spec 
70 
- 
7.0 
550 
- 
70 
- 


15 
110 
- 
110 
825 
- 
110 
- 


I'"'"' Coo"" 0"''"' 
'm 
15 
V,n ~o or 
v'OD 
- 
::,:01 
- 
.:!: 0.00001 
::,:01 
- 
.:':1,0 
~A 


(AL DeVice) 


I Input 
Leakage 
Current 
',n 
15 
V,n ~o or VOD 
- 
"03 
- 
::!: 0.00001 
,,03 
- 
.:':10 
~A 
I 
(CLtCP 
Device) 


I Input 
Capacitance 
C,n 
- 
- 
- 
- 
50 
75 
- 
- 
pF 


Recoll,mended 
Peak-lo- 
VI/a 
- 
Channel 
On or Off 
0 
VOO 
0 
- 
VOO 
0 
VDO 
Vpp 


Peak 
Voltage 
Inlo 
or 


Ouf 
of the 
SWItch 


Recommended 
Static 
or 
l1Vswltch 
- 
Channel 
On 
0 
600 
0 
- 
600 
0 
300 
mV 


Dynamic 
Voltage 
Across 


the Switch" 
(Figure 
1) 


Output 
Offset 
Voltage 
VOO 
- 
V1n 
= 
0 V. 
No load 
- 
- 
- 
10 
- 
- 
- 
~V 


ON 
ReSistance 
Ron 
5 
.6.Vswitch 
~ 
500 
mV •• , 
- 
800 
- 
250 
1050 
- 
1300 
n 


(AL 
Device) 
10 
V1n 
= 
VIL 
or 
VIH 
(ContrOl), 
- 
400 
- 
120 
500 
- 
550 


15 
and 
Vin 
'= 
0 to VOO 
(SWitCh) 
- 
220 
- 
80 
280 
- 
320 


Of'J ReSistance 
Ron 
5 
.1.VswiICh.e.; 
500 
mV ••• , 
- 
880 
- 
250 
1050 
- 
1200 
n 
(ClICP 
DeVice) 
10 
v',n 
= 
VIL or VIH 
(ContrOl), 
- 
450 
- 
120 
500 
- 
520 


15 
8"ld 
VIn 
= 
0 to VOO (SNltcn) 
- 
250 
- 
80 
280 
- 
300 


.6.ON ReSistance 
Belween 
A.Ron 
5 
- 
70 
- 
25 
70 
- 
135 
n 
Any 
Two 
Channels 
10 
- 
50 
- 
10 
50 
-- 
95 
In the Same Package 
15 
- 
45 
- 
10 
45 
- 
65 


Off· Channel Leakage 
IOI! 
15 
V1n 
= 
VI,- 
or 
VIH 
(Control) 
- 
± 100 
- 
,,005 
::':100 
- 
.:':1000 
nA 


Current 
(AL 
Device) 
Channel 
10 Channel 
or 


(Figure 
2) 
Any 
One 
Channel 


Off~Channel 
Leakage 
loll 
15 
Vln 
= V1L or VIH 
(Conlrol) 
- 
,,300 
- 
"005 
:!:300 
- 
:!: 1000 
nA 


Current 
(CLlCP 
Device) 
Channel 
:0 Channel 
or 


(Figure 
2) 
Any 
One 
Channel 


Capacllance, 
SWitch 
I/O 
CliO 
- 
Inhibit 
= 
VOO 
- 
- 
- 
10 
- 
- 
- 
pF 


Capacitance, 
Common 
011 
COil 
- 
Inhibit ~ VOO 
(MC14067B) 
- 
- 
- 
100 
- 
- 
- 
pF 


(MC14097B) 
60 


CapacItance, 
Feedthrough 
CliO 
- 
Pins 'Nol 
Adlacenl 
- 
- 
- 
015 
- 
- 
- 
pF 


(Channel 
OH) 
- 
Pins 
Adjacent 
- 
- 
- 
047 
- 
- 
- 


• 
Tlow 
= 
- 55"C 
for AL Device, 
- 40" for CUCP 
Devlle 


-~hlgh = 
+ 12S"C 
for AL DeVice, 
+8S"C 
for CUCP 
DeVice 


if Data 
labeled 
"Typ" 
is r,ot 10 be used 
for deSIgn 
purposes, 
but IS Intended 
as an Indlcallon 
of the IC's 
potential 
performance 


•• For voltage 
drops 
across 
lhe switch 
(6.VSWllch) 
>600 
mV (>300 
mV at high 
temperature), 
excessive 
VDO currenl 
may 
be drawn, 
i e. the current 


out of the SWitch may contain 
beth 
VDO and 
sWitch 
Input 
components 
rhe 
reliabIlity 
of lhe deVice 
will 
be unaffected 
unless 
the Maximum 
Rat- 


Ings 
are exceeded 
(See 
second 
page 
of this 
data 
Sheet) 


II 


II 


VDD-VSS 
Character •• tlc 
Symbol 
Vdc 
Typ" 
Mox 
Unit 


Propagation 
Delay Times 
'pLH.lpHL 
ns 
Channel 
Input-ta-Channel 
Output (RL = 200kO) 
MC14067B 
(Figure 3) 
5.0 
35 
90 
10 
15 
40 
15 
12 
30 


MC14097B 
ns 
5.0 
25 
65 
10 
10 
25 
15 
7 
16 


Control Input-la-Channel 
Output 
tpZH.lpZL 
ns 
Channel Turn-On Time (AL = 10 kO) 
MC14067B/097B 
(Figure 
4) 
5.0 
240 
600 
10 
115 
290 
15 
75 
190 


Channel 
Turn-Off 
Time 
(RL = 300 
kO) 
'pHZ. tpLZ 
ns 
MC14067B/097B 


(Figure 
4) 
5.0 
250 
625 
10 
120 
300 
15 
75 
190 


Any Pair ot Address 
Inputs to Output 
tPLH.lpHL 
ns 
MC14067B 
5.0 
260 
700 
10 
115 
290 
15 
65 
215 


MC14097B 
ns 


(Figure 
10) 
5.0 
250 
625 
10 
100 
250 
15 
75 
190 


Second Harmonic 
Distortion 
- 
10 
0.3 
- 
% 
(AL -10 
kG. f~ 1 kHz. Vin ~ 5 Vp_p) 


ON Channel 
Bandwidth 
BW 
MHz 
[AL ~ 1 kG, Vin- 
1/2 (VOO-VSS) 
p_p(sine-wave)] 


20 logtO 
Vout = - 3 dB 
MC14067B 
(Figure 
5) 
10 
15 
- 
Vin 
MC14097B 
10 
25 
- 


Off Channel 
Feedthrough 
Attenuation 
- 
10 
-40 
- 
dB 
(AL ~ 1 kG. Vin~ 
1/2 (Voo-VSs~_p(Sina-WaVe)] 
fin=20 
Hz- 
MC14067B 
(Figure 
5) 
fin= 12 MHz- MC14097B 


Channel 
Separation 
- 
10 
-40 
- 
dB 
[AL ~ 1 kG. Vin ~ 1/2 (VOO- VSs~_p(Sine-WaVe)] 
tin=20 
Hz 
(Figure 
6) 


Crosstalk. 
Control InputS-la-Common 
0'1 
- 
10 
30 
- 
mV 
(A1 - 
1kG. AL ~ 10 kG. 


Control 
Ir = It = 20 
os, 
Inhibit 
= VSS) 
(Figure 
7) 


ContrOl 


SectIon 
ollC 
Control 
Section 
ollC 


MC14067B 
MC14097B 
PIN ASSIGNMENT 
PIN ASSIGNMENT 


X 
VOO 
X 
VOO 


X7 
X8 
X7 
YO 


X6 
X9 
X6 
Yl 


X5 
Xl0 
X5 
Y2 


X4 
Xll 
X4 
Y3 


X3 
X12 
X3 
Y4 


X2 
X13 
X2 
Y5 


Xl 
X14 
Xl 
Y 


XO 
X15 
XO 
Y6 


A 
Inhibit 
A 
Y7 


B 
C 
B 
C 


VSS 
0 
VSS 
Inhibit 


oVss 


o VOO 


o VSS 


o VOO 


• 


FIGURE 3 - 
PROPAGATION 
DELAY TEST CIRCUIT 
AND WAVEFORMS 
Vln to Vout 


vDD 


FIGURE 
5 - 
BANDWIDTH 
AND OFF-CHANNEL 
FEEDTHROUGH 
ATTENUATION 


FIGURE 4 - 
TURN-ON 
AND DELAY 
TURN-OFF 
TEST CIRCUIT 
AND WAVEFORMS 


':I:' CL = 50 pF 
v= 
x 


o 
0 


vDD vss 
VSS vDD 


FIGURE 
6 - 
CHANNEL 
SEPARATION 
(Adjacent 
Channels 
Used for 
Setup) 


FIGURE 7 - 
CROSSTALK, 
CONTRO~ 
TO 
COMMON 
0/1 


(IPHL 


TYPICAL 
RESISTANCE 
CHARACTERISTICS 


FIGURE 11 - 
VDD = 7.5 V, VSS = -7.5 
V 
FIGURE 12 - 
VDD = 5.0 V, VSS = - 5.0 V 


JIO 


Vi 
JOO 
~ 
0 
110 


z 
~ 100 
~ 


JlO 
z 
0 


100 
z 
0 


10 


.- 
- 
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.- - 


I-- 


TA ?,UC 


7~(IC 


~'UC- 
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I 


IOU 


,00 
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0 


z 
'O~ 
" 
:;: 
JOO _. 


z 
TA 
125°C 


0 
100 


z 
Z50C 
0~ 100 
5~oC_ 


0 
10 
80 
,0 
'0 
10 
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60 
80 
10 


JIO 


JOO 


Vi 
~ ISO 


uz 
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:;: 
JlO 
~ 
z 
0 
100 


z 
0~ 10 


~ 
- 
TA 
1250C- 


:::::::::: 
~ 
250C- - 
- 
'~SOC-- 
T 
I 


60 
40 
-20 
20 
40 


Vm. 
INPUT 
VOL TAGE 
(VOL ISI 


-TA 
lSoC 
! 
I 
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- 
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I 
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I 
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VOO 
~ '1 5 V 
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Vi 
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~ 
0 
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~ 
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Figure A illustrates 
use of the Analog 
Multiplexer/ 


Demultiplexer. 
The 0-to-5 volt Digital Control signal is 
used to directly control a 5 Vp_p analog signal. 


The digital 
control 
logic levels 
are determined 
by 
VOO and VSS. The VOO voltage is the logic high volt- 
age; the VSS voltage 
is logic low. For the example, 


VOO = 
+5 V = logic high at the control inputs; VSS 
= GNO = 0 V = logic low. 


The maximum analog signal level is determined 
by 
VOO and VSS· The analog voltage must swing neither 
higher than VOO nor lower than VSS. The example 


shows a 5 Vp_p signal which allows no margin at ei- 
ther peak. If voltage transients 
above VOO and/or be- 
low VSS 
are 
anticipated 
on the 
analog 
channels, 


external 
diodes 
(Ox) are recommended 
as shown in 
Figure B. These diodes should be small signal types 
able 
to 
absorb 
the 
maximum 
anticipated 
current 
surges during clipping. 


The 
absolute 
maximum 
potential 
difference 
be- 
tween VOO and VSS is 18.0 volts. 
Most parameters 


are specified 
up to 15 V which is the recommended 
maximum difference 
between VOO and VSS· 


5 Vp_p 


Analog 
SIgnal 


External 
CMOS 


Digital 


CIrcuitry 


0·to-5 
V digital 


Control 
Signals 


5 Vp_p 


Analog 
Signal 


voo 
Von 


Ox 
Ox 


SWITCH 
COMMON 


1/0 
011 


Ox 
Ox 


vSS 
vSS 


® MOTOROLA 


The B Series logic gates are constructed 
with P and N channel en- 


hancement mode devices in a single monolithic 
structure 
(Comple- 


mentary 
MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection on All Inputs 


Symbol 
Para mete, 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin, 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
=10 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to +150 
"C 


Tl 
Lead Temperature (S*Second Soldering) 
260 
"C 


"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: 
Plastic "pO' 
Package: -12mW/"C 
from 6S"C to 85"C 


Ceramic "l" 
Package: 
-12mWr'C 
from tOQ"C to 12S"C 


,-,.• 


l SUFFIX 


CE RAMIe 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 6.6 


C Series: 
- 4Q"C to + 8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


;~13 
10 


11 
12 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages or electric 
fields. 
However, precau- 
tions must be taken to avoid applications 
of 


any 
voltage 
higher 
than 
maximum 
rated 


voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin and 
Vout 
should 
be 


constrained 
to the range VSS ~ (Vin or Vout) 


'" VOO 
Unused inputs must always be tied to an ap· 
propriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or VOO)· 
Unused 
outputs 
must 
be 
left 
open. 


• 


@MOTOROLA 


The MC14069UB hex inverter is constructed with MOS P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure. 
These 
inverters 
find 
primary 
use 
where 
low 
power 
dissipation and/or high noise immunity 
is desired_ Each of the six 
inverters is a single stage to minimize propagation delays. 


• 
Supply Voltage Range = 3_0Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TIL 
Load Over the Rated Temperature Range 


• 
Double Diode Protection on All Inputs 
• 
Pin-for-Pin Replacement for CD4069UB 


• 
Meets JEDEC UB Specifications 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5to 
+18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 10 VOO + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient). per Pin 
~10 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


T.to 
Storage Temperature 
-65 to + 150 
·C 
h 
lead 
Temperature 
(8-Second 
Soldering) 
260 
·C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 
12mW/oC 
from 
65°C 
to 
85°C 


Ceramic 
"l" Package: 
-12mWrC 
from 
100°C 
to 
125°C 


'~2 


3~' 


5~6 


9~8 


11~10 


13~12 
• Double diode protection 
un .11 
inputs not show:"'l. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
646 


C Series· 
- 4QoC 10 + 85°C 


MC14XXXUBCP 
(Plastic 
Package) 


MC 14XXXUBCL 
(Ceramic 
Package) 


Voo 
flow . 
25°C 
Thith • 


CharacteristIc 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ •• 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Le ....el 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V1n = VOO 
10 
- 
0.05 
- 
0 
0.05 
- 
005 
15 
- 
005 
- 
0 
0.05 
- 
0.05 


"1" 
level 
VOH 
50 
495 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


V1n =0 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Inpul 
Voltage 
"0" Level 
VIL 
Vdc 


(VO - 4.5 Vdcl 
50 
- 
1.0 
2.25 
1.0 
- 
1.0 
(VO • 9.0 Vdcl 
10 
- 
2.0 
- 
4.50 
2.0 
- 
2.0 
(VO' 
13.5 vdcl 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"1" level 
VIH 
(VO = 0.5 Vdcl 
5.0 
4.0 
4.0 
2.75 
- 
4.0 
- 
Vdc 
(VO' 
1.0 Vdcl 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 
(VO' 
1.5 Vdcl 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH " 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-088 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.6 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL 
• 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.4 
- 


Output 
Drive 
Current 
lCUe? 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-25 
- 
-21 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
-- 


IVOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL = 0.4 Vdcl 
SInk 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


IVOL • 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
DeVIce! 
lin 
15 
- 
,01 
- 
,000001 
'01 
- 
! 1.0 
IolAdc 


Input 
Current 
(CUe? 
DeVIce) 
I,n 
15 
- 
,03 
- 
to.OOOOl 
'03 
- 
t 1.0 
j.lAdc 


Inpul 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V,n 
01 


QUIescent Cunen! 
IAL 
Devlcel 
100 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
,.Adc 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
(CUe? 
DeVice) 
100 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
IJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply Current··t 
IT 
5.0 
IT' 
10.3~A/kHzl 
f • 
'00/6 
~Adc 


(Dynamic plus Quiescent, Per Getel 
10 
IT' 
10.6~A/kHzl 
f • 100/6 
(CL' 
50 pFI 
15 
IT' 
10.9~A/kHzl 
f. 
'00/6 


Output Rise and Fall Times·· 
tTLH. 
ns 


(CL• 
50pFI 
tTHL 
lTLH. 
'THL 
= (1.35 nslpF 1CL • 33 ns 
5.0 
- 
- 
- 
100 
200 
- 
- 


lTLH. 
'THL' 
10.60 nslpF I CL • 20 ns 
10 
- 
- 
- 
50 
100 
- 
- 


lTLH. 
'THL' 
10.40 nslpFI CL + 20 ns 
15 
- 
- 
- 
40 
80 
- 
- 


Propagation Delay Times·· 
tPLH. 
ns 


ICL • 50 pFI 
tPHL 
tPLH.tPHL 
= 10.90 ns/pF I CL • 20 ns 
5.0 
- 
- 
- 
65 
125 
- 
- 


tPLH.tPHL· 
10.36 nslpFI CL + 22 ns 
10 
- 
- 
- 
40 
75 
- 
- 


tPLH.tPHL 
=10.26 nslpFI CL. 
17 ns 
15 
- 
- 
- 
30 
55 
- 
- 


This device contains protection circuitry to guard against damage 
due 
to 
high 
statIc 
voltages 
or 
electric 
fields. 
However, 


precautions 
must be taken 
to aVOid applications 
of any voltage 


higher 
than 
maxImum 
rated 
voltages 
to this 
high·impedance 
circuit. For proper operation, 
Vin and Vout should be constrained 


to the range VSS ~ (Vin or Vout) 
:os;; VOO' 


Unused 
inputs 
must 
always 
be 
tIed 
to 
an 
appropriate 
logic 
voltage level (e.g., either VSS or VOO)' 
Unused outputs must be 


left open. 


• 


• 


Vss 


tPH~tPLH 
9O'f. 
VOH 
Output 
50% 
10% 
VOL 


-Inverted 
output 
on MCt.aQ778 
only. 
tTHL 
tTLH 


#Connect 
unu_d 
Input 
to VOO for MC1.070e, to Vss for 
MC'.077 
•. 


@MOTOROLA 


CMOS SSI 


QUAD EXCLUSIVE 
"OR" AND "NOR" 
GATES 


The MC14070B Quadexclusive OR gate and the MCI4077B Quad 
exclusive 
NOR 
gate 
are 
constructed 
with 
MOS P-channel and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolithic 
structure. These complementary 
MOS logic gates find primary use 
where low power dissipation andlor high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
All Outputs 8uffered 
• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schollky TTL Load Over the Rated Temperature Range 
• 
Double Oiode Protection on All Inputs 
• 
MC14070B - 
Replacement for CD4030B and CD4070B Types 


• 
MCI4077B 
- Replacement for CD4077B Type 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO + 0.5 
V 


lin· 'out 
Input or Output Current (DC or Transient), per Pin 
~10 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


TS10 
Storage Temperature 
- 65 to 
+ 150 
'C 


TL 
Lead Temperature (8-Second Soldering) 
260 
'C 


·Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
- 
t2mW/oC 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mWrC 
from 
100°C 
to 125°C 


CAse 
632 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 
P SUFFIX 


PLASTIC 
PACKAGE 


C Series' 
- 4QOC 10 + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


MCl4070B 
Quad 
Exclusive 
OR 
G8te 


MCl4077B 
QU8d Exduoi •• NOR 
Get. 


VOO· Pin 1. 
Vss - Pin 7 
«90th Oeyicesl 


Voo 
Tlow. 
25°C 
Th'''''' 
Char.cteriltic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ # 
M•• 
Mi" 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
50 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOO 
or 
0 
10 
_. 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
005 
- 
0 
0.05 
- 
0.05 


.,," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
495 
- 
Vdc 


Vin 
= 
0 or 
VOO 
10 
9.95 
- 
995 
10 
- 
9.95 
- 


15 
14.9§ 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltitge 
"0" 
Level 
V'L 
Vdc 


{yo 
450f05Vdcl 
50 
- 
15 
- 
2.25 
15 
- 
1.5 


1VO 
90orl0Vdc) 
10 
- 
JO 
- 
4.50 
JO 
- 
J.O 


(VO 
- 
135 
or 15 
Vdc) 
15 
- 
4.0 
- 
675 
40 
- 
4.0 


.,," 
Le ..•.el 
V'H 
(VO 
- a 5 or 4 5 Vdcl 
50 
J.5 
J5 
2.75 
- 
J.5 
- 
Vdc 
{yo 
10or90Vdc) 
10 
70 
- 
7.0 
5.50 
- 
7.0 
- 


(VO 
= 
1 50r 
13 5Vdcl 
15 
110 
- 
110 
8.25 
- 
110 
- 


Output 
Dove 
Current 
(AL 
Oe".cel 
'OH 
mAde 
1VOH - 25 Vdc) 
Source 
50 
-J.O 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
- 4.6 
Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.J6 
- 


1VOH ~ 95 Vdc) 
10 
-1.6 
- 
-1.J 
-2.25 
- 
-0.9 
- 


1VOH - 1J 5 Vdcl 
15 
-4.2 
- 
-J.4 
-8.8 
- 
-2.4 
.- 


(VOL" 
0 4 Vdcl 
S.nk 
'OL 
5.0 
064 
- 
051 
0.88 
- 
0.J6 
- 
mAde 
1VOL - 05 Vdcl 
10 
16 
- 
, J 
2.25 
- 
0.9 
- 


(VOL" 
1 5 Vdcl 
15 
42 
- 
J4 
88 
- 
2.4 
- 


Output 
Dove 
Current 
ICLlCP 
De""cel 
'OH 
mAde 


{VOH ' 25 Vdc) 
Source 
5.0 
-2.5 
-2.1 
·4.2 
-1.7 
- 


{VOH ' 46 Voc) 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-OJ6 
- 


(VOH 
'" 9 5 Vdcl 
10 
-1.J 
- 
-11 
-225 
- 
-0.9 


{VOH ~ lJ 5 Vdcl 
15 
-J.6 
- 
-J.O 
-88 
-2.4 
- 


(VOL'" 
0 4 Vdcl 
Sink 
'OL 
50 
052 
- 
044 
088 
- 
0.J6 
- 
mAde 


1VOL 00.5 Voc) 
10 
1 J 
11 
225 
09 
- 


{VOL' 
1 5 Vdcl 
15 
J.6 
JO 
8.8 
- 
24 


Input enrrent 
IAl 
Devlcel 
',n 
15 
- 
,01 
- 
,00000' 
,01 
- 
:!: 10 
,6.lAdc 


Input 
Current 
ICLlCP 
De .••• 
lce) 
'on 
15 
- 
,0 J 
±O00001 
,03 
- 
"0 
,uAdc 


Input Capacitance 
C,n 
- 
- 
- 
- 
50 
7.5 
- 
pF 


lVlO,Q1 


QUiescent 
Current 
(AL 
De .•••'cel 
'DO 
50 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
,uAdc 


(Per 
Package) 
10 
- 
O.SO 
- 
0.0010 
O.SO 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
30 


QUIescent 
CUffenl 
lCLlCP 
DevtCel 
'00 
50 
- 
1.0 
00005 
1.0 
- 
7.5 
",Adc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
JO 


Total 
SUpply 
Current·· 
t 
IT 
50 
IT' 
10.J••A/kHzI 
f + 100 
".Adc 


IOvn~lc 
plus 
QUiescent, 
10 
IT • 10.6••A/kHz) f + 100 
Per Packagel 
15 
IT - 10.9••A/kHz) 
f + 100 
ICL 
- 50 pf 
on all outputs, ." 
buffers 
sWltchlngl 


Output 
Rise and 
Fall 
Times-· 
tTLH. 
ns 


ICL-SOpFI 
'THL 
tTLH. tTHL = I1.J5 nslpFI CL • 33 ns 
5.0 
- 
- 
- 
100 
200 
- 
- 


tTLH. tTHL = 10.60 nslpFI CL + 20 ns 
10 
- 
- 
- 
50 
100 
- 
- 


tTLH. tTHL = jO.40 nslpFI CL + 20 ns 
15 
- 
40 
80 
- 
- 


Propagation 
Delay 
Times·· 
tPLH· 
ns 
ICL • 50 pFI 
tPHL 


tPlH' 
tPHL 
= (0.90 
ns/pF) 
CL + 130 
ns 
5.0 
- 
- 
- 
175 
350 
- 
- 


tPLH' 
tPHL 
= (0.36 
ns/pF) 
CL + 57 ns 
10 
- 
- 
- 
75 
150 
- 
- 


tpLH. 
tPHL 
= (0.26 
nS/pF) 
CL + 37 
ns 
15 
- 
- 
- 
55 
110 
- 
- 


#Oata labelted "Typ" 
IS not to be used for deSIgn purposes 
but IS 


Intended filSan mdlcatlon 
of the IC's potential 
performance 


··The formulas 
given are for the typIcal characteristics 
only at 2S·C 


This device contains protection 
circuitry 
to guard against damage due to high static voltages or electric fields. 


However, precautions 
must be taken to avoid applications 
of any voltage higher than maximum rated voltages to 
this high·impedance 
circuit. For proper operation, Vin and Vout should be constrained to the range VSS ~ (Vin or 
You') 
VOO' 


Unused inputs must always be tied to an appropriate logic voltage level (e.g., either VSS or VOO)' Unused outputs 
must be left open. 
• 


• 


® MOTOROLA 


The MC14071B is constructed with P and N channel enhancement mode 
devices in a single monolithic structure (Complementary MOS). The pri- 
mary use is where low power dissipation and/or high noise immunity is 
desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 8uffered 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement tor CD4071B 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5to 
+18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin· 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
=10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage 
Temperature 
- 65 to + 150 
°C 


TL 
lead 
Temperature 
(S·Second 
Soldering) 
260 
°C 


-Maximum 
Ratings 
are those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
-12mW/oC 
from 
65"C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mW/oC 
from 
1000e 
to 
125"C 


(LOW POWER COMPLEMENTARY 
MOSI 
QUAD 2-INPUT "OR" 
GATE 
FOR COMPLETE 
DATA 
SEE 
MC14001B 


L SUFFIX 
CE RAMie 
PACK AGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series: 
- 40"C 
to 
+ 85"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
- Pin 14 


Vss:: 
Pin 
7 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 


tions must be taken to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 


proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to the range 
VSS 
::s;: (Vin or Vout) 


'" VOO· 
Unused inputs 
must always be lied to an ap- 


propriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or VOO) 
Unused 
outputs 
must 
be 
left 


open. 


® MOTOROLA 


The B Series logic gates are constructed with P and N channel en- 
hancement mode devices in a single monolithic 
structure (Comple- 
mentary MOS). Their primary use is where low power dissipation 
and/or high noise immunity is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two low-Power TTl 
loads or One low-Power 
Schottky TTl load Over the Rated Temperature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin Replacement for CD4072B 


Symbol 
Paramat.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOO 
+0.5 
V 


lin· 
lout 
Input 
or Output 
Current 
(DC or Transient), 
per 
Pin 
~10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


T stn 
Storage Temperature 
--6510 + 150 
'C 


TL 
Lead Temperature (8-Second Soldering) 
260 
'C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
.'p" 
Package: 
-12mWrC 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mW/oC 
from 
tOQoC 
to 
125°C 


._..• 


L SUFFIX 


CE RAMie 
PACK AGE 


CASE 
632 


PSUFFIX 


PLASTIC 
PACKAGE 
CASE 6"6 


C Series: 
-40"C 
to +8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC 14XXXBCL 
(Ceramic 
Package) 


~~1 
1:~13 
11 


12 


This device contains 
protection 
circuitry 
to 
guard 
against 
damage 
due to high static 
voltages 
or electnc 
fields. 
However. 
pre- 
cautions 
must be taken to avoid 
applica- 
tions of any voltage 
higher 
than maximum 
rated voltages 
to this high-impedance 
cir- 


cuit. 
For proper 
operation, 
Vin and 
Vout 
should be constrained 
to the range VSS =s;: 
(Vin or Voutl 
:s;:VOO. 


Unused inputs 
must always 
be tied to an 


appropriate 
logic 
voltage 
level 
(e.g .. ei- 
ther 
VSS or VOO). 
Unused 
outputs 
must 


be left open. 


• 


• 


@MOTOROLA 


The B Series logic gates are constructed 
with 
P and N channel 
en· 


hancement 
mode 
devices in a single monolithic 
structure 
(Comple- 


lJIentary 
MOS). 
Their 
primary 
use is where 
low 
power 
dissipation 


and/or 
high noise immunity 
is desired. 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 
Buffered 


• 
Capable 
of Driving 
Two Low-Power 
TTL Loads or One Low-Power 
$chollky 
TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection 
on All 
Inputs 


• 
Pin-for-Pin 
Replacement 
for. CD4073B 


Symbol 
Peremeter 
V.lu. 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


'in· 
lout 
Input 
or 
Output 
Current 
(DC 
or Transient), 
per 
Pin 
0<10 
mA 


Po 
Power Dissipation. 
per Packaget 
500 
mW 


T.te 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature 
(8-Second 
Soldering) 
260 
·C 


eMaximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: 
Plastic "p" 
Package: - 12mWrC 
from 65°C to 85°C 


Ceramic "l" 
Package: -12mW/oC from tOO"C to 125 


DC 


Yss 


YDD 
d 
•• 6.13 ------L:; 


Yss 


TRIPLE 3-INPUT "AND" 
GATE 


FOR COMPLETE DATA 
SEE MC14001B 


L SUFFIX 


CE RAMie 
PACICAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE ~6 


C Series: 
- 40·C 
10 + 8S·C 
MC14XXXBCP 
(Plaslic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


"3=Cr 
12 
10 


13 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to high 
static 
voltages or electric 
fields. However, precau· 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages to this high·impedance 
circuit. 
For 
proper 
operation, 
Vin and 
Vout should 
be 
constrained 
to the range V55 '" (Vin or Vout) 


'" VOO· 
Unused inputs must always be tied to an ap· 
propriate 
logic 
voltage 
level 
(e.g., 
either 
V55 or VOO). Unused 
outputs 
must 
be left 


open. 


® MOTOROLA 


The B Series logic gates are constructed 
with P and N channel en- 


hancement mode devices in a single monolithic 
structure 
(Comple- 
fTlentary MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection on All Inputs 


• 
Pin·for·Pin Replacement for CD4075B 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 to + 18.0 
V 


V1n· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
10 VOO 
+ 0.5 
V 


lin. lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
PIn 
",10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 65 to + 150 
·C 


TL 
Lead Temperature 
(a-Second 
Soldering) 
260 
·C 


"Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65°C 
10 85°C 


Ceramic 
"L" 
Package: 
- 12mWrC 
from looDe to 
125DC 


L SUFFIX 
CE RAMie 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE"6 


C Series: 
- 40°C to + 85°C 
MC14XXXBCP (Plastic Package) 
MC14XXXBCl 
(Ceramic Package) 


LOGIC 
DIAGRAM 
:3=D-9 
:3=D-6 
113=D- 
12 
'0 


13 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau+ 


tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
IE;; 
(Vin 
or 
Vout) 
'" 
VOO· 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs must be left open. 


® MOTOROLA 


4-BIT 
D·TYPE 
REGISTER 
with THREE-STATE 
OUTPUTS 


The MC14076B 4-Bit Register consists of four o-type 
flip-flops 
operating synchronously from 
a common c1ock_OR gated output- 


disable inputs force the outputs into a high-impedance state for use 
in bus organized systems. OR gated data-disable inputs cause the a 
outputs to be fed back to the 0 inputs of the flip-flops. Thus they 
are inhibited from changing state while the clocking processremains 
undisturbed. An asynchronous master reset is provided to clear all 
four 
flip-flops 
simultaneously independent of the clock or disable 
inputs. 


• 
Three-State Outputs with Gated Control Lines 
• 
Fully 
Independent Clock Allows Unrestricted Operation for the 
Two Modes: Parallel Load and Do Nothing 


• 
Asynchronous Master Reset 
• 
Four Bus Buffer Registers 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 
Schottky 
TTL 
Load Over the Rated Temper 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vou1 
Input 
or Output 
Voltage 
(DC 
or 
Transient) 
- 0.5 to VOO + 0.5 
V 


lin· 
lout 
Input 
or Output 
Current 
(DC 
or 
Transient), 
per 
Pin 
=10 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
·C 


TL 
Lead Temperature (8-Second Soldering) 
260 
·C 


"Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65°C 
to 85°C 


Ceramic 
"l" 
Package: 
- 
12mW/oC 
from 
1cooe to 
125°C 


INPUTS 


Oat.Oi"le 
Dote 
OUTPUT 
R_t 
Clock 
A 
B 
D 
a 


1 
x 
X 
x 
x 
0 


0 
0 
x 
x 
X 
an 


0 
..r 
1 
x 
X 
an 


0 
..r 
x 
1 
X 
an 


0 
...r 
0 
0 
0 
0 


0 
....r 
0 
0 
1 
1 


QUAD 
OoTYPE REGISTER 
with THREE 
STATE 
OUTPUTS 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
~8 


C Series: 
- 40°C to 
+ 85°C 


MC14XXXBCP 
or UBCP 
(Plastic 
Package) 


Me 14XXXBCL 
or UBCL 
(CeramIc 
Package) 


BLOCK 
DIAGRAM 


15 
A.set 
00 
3 
a 
DO 


13 
01 


12 
02 
01 
• 
11 
03 


10 
8 
} Doto 
9 
A 
Disable 
02 
5 


Clock 


e} 
Output 


A 
OIMble 
03 
6 


VOD 
- 
Pin 
16 


VSS 
- 
Pin 8 


Voo 
Tlow. 
25°C 
Th'gh • 


Characteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ # 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
= VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 
(VO 
0 4.5 or 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO ~ 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO ~ 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"',. 
Level 
VIH 
(VO" 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO ~ 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO" 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


(VOH " 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH " 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
1VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL" 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device) 
10H 
mAde 
(VOH ·2.5 
Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
~ 1.1 
-2.25 
- 
-0.9 
- 


(VOH" 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-88 
- 
-2.4 
- 


(VOL" 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL" 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
10.1 
- 
±0.00001 
±0.1 
- 
, 1.0 
""Adc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
- 
:!: 0.3 
- 
±0.00001 
±0.3 
- 
± 1.0 
p,Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 
IV in :: 01 


QUiescent 
Current 
(AL 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
,.Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.016 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
""Adc 
(Per 
Package 
I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current· 
• t 
IT 
5.0 
IT ~ (0.75 "A/kHz) 
f + 100 
IJAdc 


(Dynamic 
plus 
Quiescenr. 
10 
IT' 
(1.50 "A/kHz) 
f + 100 


Per Package) 
15 
IT - (2.25 "A/kHz) 
f + 100 


ICL 
'" 50 
pF 
on 
all outputs, 
all 


buffers 
SWitchIng) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
±0.1 
- 
-0.00001 
,0.1 
- 
t3.0 
~Adc 


IAl 
DeVice) 


Three-State 
leakage 
Current 
ITL 
15 
- 
±1 0 
- 
-0.ססoo1 
t 1.0 
- 
±7.5 
IlAdc 
(CLlCP 
Device) 
• 


II 


Voo 
CharKteril1ic 
Symbol 
Vde 
Min 
Typ" 
M•• 
Unit 


Output Rise and Fall Time 
tTLH, tTHL 
n. 
tTLH, 'THL - 
(1.5 nS/pF)CL + 25 ns 
5.0 
- 
100 
200 
tTLH. tTHL = (0.75 nstpF) Cl 
+ 12.5 os 
10 
- 
50 
100 
tTLH, 'THL - 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
tPLH. tPHL 
n. 
Clock to a 
tPLH. 'PHL' 
(1.7 n./pF) CL + 215 n. 
5.0 
- 
300 
600 
'PLH. 'PHL • 10.66 n./pF) CL + 92 n. 
10 
- 
125 
250 
tpLH. tPHL • 10.5 n./pF) CL + 65 n. 
15 
- 
90 
180 
R•••• to Q 
tPLH. tPHL - 11.7 n./pF) CL + 215 n. 
5.0 
- 
300 
600 
'pLH. tpHL' 
10.66 n./pFI CL + 92 n. 
10 
- 
125 
250 
tpLH. tPHL • 10.5 n./pFI CL + 65 n. 
15 
- 
90 
180 


3-State Propagation 
Delay. Output 
"1" or "0" 
tPHZ. tPLZ 
5.0 
- 
150 
300 
n. 
to High 
Impedance 
10 
- 
60 
120 
15 
- 
45 
90 


3oSte.e Prgpegation 
Delay. High Impedance 
tPZH. tPZL 
5.0 
- 
200 
400 
n. 
to "1" or "0" Level 
10 
- 
80 
160 
15 
- 
60 
120 


Clock 
Pulse Width 
tWH 
5.0 
260 
130 
- 
n. 
10 
110 
55 
- 
15 
80 
40 
- 


A.-t 
Pul•• Width 
twH 
5.0 
370 
185 
- 
n. 
10 
150 
75 
- 
15 
110 
55 
- 


Data SflUP Time 
I.u 
5.0 
30 
15 
- 
n. 
10 
10 
5 
- 


15 
4 
2 
- 


Data Hold Time 
th 
6.0 
130 
65 
- 
n. 
10 
60 
30 
- 


15 
50 
25 
- 


Data Disable 
Setup 
Time 
t.u 
5.0 
220 
110 
- 
n. 
10 
80 
40 
- 
15 
50 
25 
- 


Clock Pulse Ri •• and Fall Time 
tTLH. tTHL 
5.0 
- 
- 
'5 
~. 
10 
- 
- 
5 


15 
- 
- 
4 


Clock Pul. 
Frequency 
'ei 
5.0 
- 
3,6 
1.8 
MHz 
10 
- 
9.0 
4,5 
15 
- 
12 
6.0 


This 
device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to 
high 
static 
voltages 
or electric 
fields. 
However, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this 
high-impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS 
'lliO (Vin or Vout) 
os;: 


VOO' 
Unused inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g .. either VSS or VOO). Unused 
outputs 
must be left open. 


A •• 
t •• 0 
Det. 
Di•• bl. 
A .nd 
B :a 0 
Output 
Disebl. 
A ."d 
8 '" 0 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 • 


B 
9 


Output 
Dis.bl. 
A or 
B 


VOH 


{ 


"ti 
2.5 V. 
VOD" 5 V. 
10V,.nd 
15V 


{ 


"ti 
2 V • 
VOD 
IE 
5 V 
"'" 
6V.VOO·10V 
"'" 10VOVOD,,"15V 


VOL 
C~:~:=d--toi~~~::~--I-'---- 
Outputs 
Conn.c.d 


Voo 
for tpLZ 
end tpZL 


VSS for tpHZ 
end tPZH 


II 


@MOTOROLA 


CMOS SSI 


QUAD EXCLUSIVE "NOR"GATE 


The MC14077B quad exclusive NOR gate is constructed with MOS P- 
channel 
and 
N-channel 
enhancement 
mode 
devices 
in 
a 
single 
monolothic structure. This complementary MOS logic gate finds primary 
use where low power dissipation and/or high noise immunity is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
All Outputs Buffered 
• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 
• 
Double Diode Protection 
on All Inputs 
• 
MC14077B - 
Replacement for CD4077B Type 


Symbol 
Parameter 
Vafue 
Unit 


VOO 
DC 
Supply 
Voltage 
- 0.5 to 
+ 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOD 
+ 0.5 
V 


lin. 
'out 
Input 
or Output 
Current 
(DC or Transient), 
per 
Pin 
~10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


TSlo 
Storage Temperature 
-65 
to 
+150 
°C 


TL 
Lead Temperature (a-Second 
Solderpng) 
260 
°C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to 
the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: - 12mWrC from 65°C 10 85°C 
Ceramic "L" Package: 
-12mW/oC 
from 
10QoC 
to 125°C 


FOR COMPLETE 
DATA 


SEE MC14070B 


..- ,.- 


CASE 
632 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
646 


P SUFFIX 


P'LASTIC 
PACKAGE 


C Series: 
- 40°C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


MCl4077B 
Qued Exclusive NOR 
G8te 


® MOTOROLA 


The B Series logic gates are constructed 
with 
P and N channel en- 


hancement mode devices in a single monolithic 
structure 
(Comple- 
l}1entary MOS). Their 
primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection on All Inputs 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
~10 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tsto 
Storage 
Temperature 
-65 to + 150 
"C 


Tl 
lead 
Temperature 
(a-Second 
Soldering) 
260 
"C 


·Maximum Ratings are those values beyond which 
damage to the device may occur. 


tTemperature Derating: Plastic "p" 
Package: - 12mWrc from 65°C to 85°C 


Ceramic 
"L" 
Package: 
- 
12mW/oC 
from 
tOQoC 
to 125°C 


Vss 
• 
Sarne •• 
5 
.boye 
9 
Serna •• 
10 
.bo",. 
1. 
S.m••• 
12 
above 


,-,.• 


l SUfFIX 


CE RAMie 
PACKAGE 


CAse 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE"6 


C Senes: - 40·C to + 8S-C 


MC14XXXBCP 
(Plastic 
Package) 


Me 14XXXBCL 
(Ceramic 
Package) 


~?-13 
10 
11 
12 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau- 


tions must be taken to avoid applications 
of 


any 
voltage 
higher 
than 
maximum 
rated 


voltages 
to this high-impedance 
circuit. 
For 


proper 
operation, 
Vin and Vout 
should 
be 


constrained 
to the range VSS 
-'l!iit (Vin or Vout) 


'" VDD· 
Unused inputs must always be tied to an ap- 
propriate 
logic 
voltage 
level 
(e.g., 
either 


VSS or Vao)· 
Unused 
outputs 
must be left 


open. 


• 


• 


@MOTOROLA 


The MC140818 is constructed with P and N channel enhancement mode 
devices in a single monolithic structure (Complementary MOS). The pri- 
mary use is where low power dissipation and/or high noise immunity is 
desired. 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature 
Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for-Pin 
Replacement 
for CD40818 


Symbol 
Per.met.r 
V.lu. 
Unit 


VOO 
DC 
Supply 
Voltage 
- 0.5 to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pin 
=.10 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tsto 
Storage 
Temperature 
-65 to + 150 
·C 


TL 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
·C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
- 12mWrC 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mWrC 
from 
100°C 
to 
125°C 


ILOW·POWER 
COMPLEMENTARV 
MOSI 
QUAD 2-INPUT "AND" 
GATE 
FOR COMPLETE DATA 
SEE 
MC14001B 


..- ..• 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
6J2 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
6-t6 


C Series: 
- 40°C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
- Pin 
14 


Vss - Pin 7 


This device contains protection 
circuitry 
to 
guard 
against 
damage 
due to high static 
voltages 
or electric 
fields. 
However, 
pre- 
cautions 
must be taken to avoid 
applica- 


tions of any voltage 
higher 
than maximum 
rated voltages 
to this high-impedance 
cir- 


cuit 
For proper 
operation, 
Vin and 
Vout 
should be constrained 
to the range VSS !5i: 


(Vin or Vout) 
::!6;; VOO. 


Unused 
inputs 
must always be tied 
to an 
appropriate 
logic 
voltage 
level 
(e.g., 
ei- 
ther VSS or VOO). Unused 
outputs 
must 
be left open. 


@ MOTOROLA 


The B Series logic gates are constructed with P and N channel en· 
hancement mode devices in a single monolithic 
structure (Comple- 
mentary MOS). Their primary 
use is where low power dissipation 
and/or high noise immunity 
is desired. 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
All Outputs 8uffered 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin-for·Pin Replacement for CD4082B 


Symbol 
Paramet.r 
Value 
Unit 


vOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin_ 
Voul 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin· lout 
Input or Output Current (DC or Transient), per Pin 
+10 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tstn 
Storage 
Temperature 
-65 to +150 
°C 


TL 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
°c 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
-12mW/oC 
from 
65"C 
to 85"C 


Ceramic 
"L" 
Package: 
-12mwrc 
frum 
10Q"C 
to 
125"C 


DUAL 4-INPUT "AND" 
GATE 


FOR COMPLETE DATA 
SEE MC14001 B 


.."Ifffm ..• 


L SUFF 
IX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
646 


C Series: 
-40°C 
to +85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


2p 
3 
1 
4 


51:P13 
11 


12 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages or electric 
fields. 
However, precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high·impedance 
circuit. 
For 
proper 
operation, 
Vin and 
Vout should 
be 
constrained 
to the range VSS :E;; (Vin or Vout) 


" 
VOO· 
Unused inputs must always be tied to an ap- 
propriate 
logic 
voltage 
level 
(e.g .. either 
VSS or VOO)· 
Unused 
outputs 
must 
be 
left 
open. 
•• 


• 


® MOTOROLA 


The MC 140936 Schmitt trigger isconstructed with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic 
structure_ These devices find 
primary 
use where low power dissi- 


pation and/or high noise immunity 
is desired. The MC 140936 may 
be used in place of the MC140116 
quad 2-input 
NAND 
gate for 
enhanced 'noise immunity 
or 
to 
"square 
up" 
slowly 
changing 
waveforms. 


• 
Supply Voltage Range = 3_0Vdc to 16 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Double Diode Protection on All Inputs 


• 
Pin·for-Pin Compatible with CD4093 


• 
Can be Used to Replace MC140116 


Symbol 
Per.meter 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin, 
lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 


Po 
Power Dissipation. per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
·C 


TL 
lead 
Temperature (a-Second Soldering) 
260 
·C 


*Maximum Ratings are those values beyond which damage 10the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: ~ 12mWrC from 65°C to 85°C 
Ceramic "L" Package: -12mWrC 
from loooe 
to 125°C 


This device contains 
protection 
circuitry 
to guard against damage due to high 
static voltages 
or electric 
fields. 
However, precautions 
must be taken to avoid 
applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should 
be constrained 
to the range VSS '" (Vin or Vout) '" VOO' 
Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VOO)' Unused outputs 
must be left open. 


QUAD 2-INPUT "NAND" 
SCHMITT 
TRIGGER 


.._'. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 
PI-ASTIC 
PACKAGE 


CASE 646 


C Series: 
- 40"C to + 85"C 


MCUXXXBCP 
(Plastic 
Package) 


MCUXXXBCl 
(Ceramic 
Package) 


5=&- 
~ 
4 


6 
:~,o 
12=@--- 
~ 
11 
13 


Voo 
Tlow. 
25°C 
Th'''', 
Ch.rect.r1stie 
Symbol 
Vde 
Min 
MI. 
Min 
Typ ••• 
MIX 
Min 
MI. 
Unit 


Output 
VOltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 
Vin· 
VOoorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin - 0 Of VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Output 
Drlve 
Current 
lAL 
DeVice) 
'OH 
mAde 


1VOH 
2.5 Vdel 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
{VOH 
= 9.5 Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
fVOH 
= 13.5 Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


{VOL 
= 0.4 Vdel 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 \ldel 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdel 
15 
4.2 
.. 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove Cl:rrent 
ICLlCP 
Devicel 
'OH 
mAde 
{VOH 
= 25 
Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


{VOH 
= 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdel 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 135 Vdel 
15 
-3.6 
.. 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdel 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL 
= 0.5 Vdel 
10 
13 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
DeVice) 
I,n 
15 
,01 
· 
'0.00001 
'01 
!: 10 
..,Adc 


Input 
Current 
ICLlCP 
Device) 
lin 
15 
. 
'OJ 
· 
'0.00001 
, 03 
- 
± 1.0 
/JAde 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V,n 
- Q) 


QUiescent 
Current 
IAL 
DeVice) 
100 
5.0 
0.25 
- 
0.0005 
0.25 
- 
7.5 
JJAdc 


(Per 
Package) 
10 
. 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
1.00 
.. 
0.0015 
1.00 
- 
30 


QUIescent 
Current (CLlCP DeVice) 
'00 
50 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
JJAdc 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
· 
0.0015 
4.0 
- 
30 


Total 
SupplV 
Current"' 
t 
IT 
5.0 
IT· 
11.2 ••A/kHz) f + 100 
IJAc1c 


(DvnamlC 
plus 
QUiescent, 
10 
IT • (2.4 ••AlkHz) f + 100 
Per Packagel 
15 
IT • 13.6 ••A/kHz) f + 100 
(CL 
50 pF on all outputs, 
all 
huffers 
sWllch",gJ 


HysteresIs 
Voltage 
VH 
5.0 
0.20 
0.62 
0.17 
0.26 
0.6 
0.13 
0.6 
Vdc 


!Pins " 
5, 8 and 12 held high 
10 
0.29 
0.85 
0.25 
0.38 
0.8 
0.20 
0.8 
or P,ns 2, 6, 9 and 13 held high) 
16 
0.39 
1.20 
0.33 
0.50 
0.9 
0.27 
1.1 


Th.-hold 
VoI_ 


(Pins 
2, 5, 9. 12 held 
high 
or 
VT+ 
5.0 
1.90 
4.15 
1.80 
2.70 
4.05 
1.70 
4.06 
Vdc 
Pins 
1, 6. 8, 13 held 
high) 
10 
3.05 
6.75 
2.95 
4.43 
6.65 
2.85 
6.65 
POIitiw-Going 
15 
4.12 
9.15 
4.02 
6.03 
9.05 
3.92 
9.05 


Negotive-Golng 
VT_ 
5.0 
1.63 
3.76 
1.63 
2.44 
3.66 
1.53 
3.66 
Vdc 
10 
2.70 
6.18 
2.70 
4.05 
6.08 
2.60 
8.08 
15 
3.69 
8.40 
3.69 
5.53 
8.30 
3.70 
8.30 • 


II 


Voo 
Ch.r.ctwistic: 
Symbol 
Vd. 
Min 
Typ" 
M •• 
Unit 


Output 
Rise Time 
'TLH 
5.0 
- 
100 
200 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


OutpUt Fall Time 
'THL 
5.0 
- 
100 
200 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation Delav Time 
'PLH.'PHL 
5.0 
- 
125 
250 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


r414 
EP----r--o 
Output 


Inpu' 1-' 
1_ 


7-=- Vss 
J CL 


Vln~ 


~ 
V 
out 


VControl- 
1 


~ 
. 


IOH 


VOUI 


All unulld 
inpull 
7 
CO"nectedto gtound. 
VGS 


! 
•...! 
z: 
o 
%9 
80 


.JI 
TA: 
SSoC 


b 
TA: 
+250C 


t 
TA: 
+1250C 


I 


I 
I 


- 
-- 
I 
I 
I 
I 
I 


VT- 
VT+ 
--i 
VH f-- 


Vin, INPUT 
VOLTAGE 
(Vd,1 


• 'fb 
~ 
",,",IS Vdc 
I 
r /1. f-<:: 
I 
I 


/.'/b 


VGS: 
10 Vdc 


I!J 
,~ 
f/ 
/" 


_ .JI fA- 
-SSoC -- 
/ 
b 
TA' 
-250C 


, 
fA 
= ·1250C- -- 


. 
b ,\ 01"de 


•• 


@MOTOROLA 


8-STAGE 
SHIFT/STORE 
REGISTER 
WITH 
THREE-STATE 
OUTPUTS 


The MC14094B 
combines an a-stage shift 
register with 
a data 
latch for each stage and a three-state output from each latch. 
Data is shifted 
on the positive clock 
transition 
and is shifted 
from 
the seventh stage to two serial outputs. The Os output 
data 
is for use in high-speed cascaded systems. The a'S output 
data is 
shifted 
on 
the 
following 
negative clock 
transition 
for 
use in 
low-speed cascadedsystems. 
Data 
from 
each stage of 
the shift 
register is latched on the 
negative transition 
of the strobe input. 
Data propagates through 
the latch while strobe is high. 
Outputs 
of the eight data latches are controlled 
by th ree·state 
buffers which are placed in the high-impedance state by a logic Low 
on Output Enable. 


• 
Three-State Outputs 
• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Input Diode Protection 


• 
Data Latch 


• 
Dual Outputs for Data Out on Both Positive and Negative Clock 


Transitions 


• 
Useful for Serial-to-Parallel Data Conversion 


• 
Pin-far-Pin Compatible with CD4094B 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
",'0 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
'C 
h 
Lead Temperature 
(8-Second Soldering) 
260 
'C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "p" 
Package: -12mWrC from 65°C to 85°C 
Ceramic "L" Package: - 12mWrC 
from 100°C to 125°C 


Output 
P•• ol••• Outputs 
Serial Outputs 
Clock 
Enable 
Strobo 
Oot. 
01 
ON 
aS· 
O's 
f 
0 
x 
x 
z 
Z 
07 
No Chg. 
"\. 
0 
x 
x 
z 
Z 
No Chg. 
07 
f 
1 
0 
X 
No Chg. 
No Chg. 
07 
No Chg. 
.r 
1 
1 
0 
0 
°N-l 
Q7 
No Chg. 
.r 
1 
1 
1 
1 
ON-l 
Q7 
No Chg. 
'- 


1 
1 
1 
No Chg. 
No Chg. 
No Chg. 
07 


Z = High Impedance 
X • Don't Cer. 
• At the 
positive 
clock 
edge, informetion 
in the 7th shift register Itege is trentferred 
to 
08 .nd OS. 


Jlflflm 


LSUFFIX 
.- 
CERAMIC 
PACKAGE 


CASE 620 
11 


1 


PSUFFIX 
PLASTIC PACKAGE 
CASE6" 


C Series: 
- 40"C 
to + 85"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper' operation, 
Vin and Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 
Vout) '" VOO' 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs must be left open. 


Voo 
Tlow. 
2SoC 
Th· •••• 


CharKtenlt.c 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ" 
M•• 
Min 
M•• 
Unit 


Output 
VOlt~ 
"0" 
Level 
VOL 
5.0 
- 
005 
- 
0 
0.05 
0.05 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
0 
O.OS 
- 
0.05 
15 
- 
005 
- 
0 
0.05 
- 
0.05 


.,," 
Level 
VOH 
50 
4.95 
- 
4.95 
5.0 
- 
495 
- 
Vdc 


Vin=O 
or Voa 
10 
9.95 
- 
995 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOlt~ 
"0" Level 
VIL 
Vdc 


1VO 
4.50< 0.5 Vdcl 
50 
- 
15 
2.25 
1.5 
- 
1.5 


(VO 
- 9.0 
or 
1.0 Vdcl 
10 
30 
- 
450 
3.0 
- 
3.0 


1VO 
lJ.Sor 
1 SVdcl 
15 
- 
40 
675 
4.0 
- 
4.0 


"1" 
Level 
VIH 


1VO 
0.5 or 4 5 Vdd 
5.0 
3.5 
35 
2.75 
- 
3.5 
- 
Vdc 


(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
70 
5.50 
- 
7.0 
- 


(VO 
0 1 50' 
13.5 Vdcl 
15 
110 
- 
110 
825 
- 
11.0 
- 


Output 
Drlve 
Curren' 
(AL 
DeVice) 
IOH 
mAde 


IVOH 
0 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
095 
Vdcl 
10 
-1.6 
_. 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH 0 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL" 
0.4 Vdcl 
SInk 
IOL 
50 
0.64 
- 
051 
0.88 
- 
036 
- 
mAde 


(VOL: 
0.5 Vdcl 
10 
16 
- 
13 
225 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
42 
- 
34 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
DeVice) 
IOH 
mAde 


(VOH 
• 25 
Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
·4.2 
- 
-1.7 
- 


(VOH 
• 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
• 9 5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
• 13.5 Vdcl 
15 
-3.6 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL" 
04 
Vdcl 
Sink 
'OL 
50 
052 
044 
088 
- 
036 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
13 
11 
225 
09 
- 


(VOL' 
1.5 Vdcl 
15 
36 
30 
88 
- 
24 
- 


Input 
Current 
IAI. 
Devecel 
'on 
15 
-01 
,000001 
,01 
- 
!10 
~Adc 


Input 
Current 
ICLlCP 
Devlcel 
I,n 
15 
,03 
'000001 
'03 
- 
"0 
iJAdc 


Inpot 
Cap,Kllance 
C,n 
- 
- 
50 
7.5 
- 
pF 


(V1n 
01 


OUN!'SCent 
Current 
(AL 
Devlcel 
'DO 
50 
50 
0005 
50 
- 
150 
~Adc 


(Per 
Package) 
10 
10 
0.010 
10 
- 
300 


15 
20 
0.015 
20 
- 
600 


QUIt!'SCent 
Current 
(CLlCP 
Devlcel 
'DO 
50 
- 
20 
- 
O.OOS 
20 
- 
150 
..,.Adc 
IPer Pack.gel 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current··' 
IT 
50 
IT' 
(4.1 
,.,A/kHz) 
f 
•. 100 
IJ.Adc 
IDyn.-ntC 
plus QUlncen,. 
10 
IT' 
(14 
,.,A/kHz) 
f 
•. 
'DO 
Per Pack~1 
15 
IT' 
(140 
_A/kHzll 
• 100 
eel 
= 50 pF on all outputs. 
all 


buffers 
sWllchlngl 


3-$tate 
Output 
Leakage 
ITL 
15 
- 
.:to.l 
- 
.=0.0001 
~0.1 
- 
~3.0 
_A 


Current 
(AL 
Device) 


3-State 
Output 
Leakage 
ITL 
15 
- 
:!: 1.0 
- 
- 
:= 1.0 
- 
~ 7.5 
"A 
Current 
(CLlCP 
Device) 


VDD 
Char.ct.riltte 
Symbol 
Vde 
Min 
Typ ••• 
Mox 
Unit 


Output Ri•• and Fall Time 
'TLH. 
n. 
'TLH. 
'THL 
• 
(1.35 n./pFI 
CL + 33 n. 
'THL 
5.0 
- 
100 
200 
'TLH. 
'THL 
• 
(0.6 n./pFI 
CL + 20 n. 
10 
- 
50 
100 


'TLH. 
'THL 
= (0.4 n./pF) 
CL + 20 n. 
15 
- 
40 
80 


Propagation DeilY Time 
'pLH. 
n. 


Clock to Serial out as 
tPHL 
'PLH. 
'PHL 
• (0.90 ns/pFI 
CL + 305 n. 
5.0 
- 
350 
600 


'PLH. 
'pHL 
• (0.36 n./pFI 
CL + 107 n. 
10 
- 
125 
250 


'pLH. 
'PHL 
• (0.26 n./pF) 
CL + 82 ns 
15 
- 
95 
190 
Clock to Serial out a's 
'pLH. 
tpHL' 
(0.90 ns/pFI 
CL + 350 n. 
5.0 
- 
230 
460 


'pLH. 
tPHL' 
(0.36 n./pF) 
CL + 149 n. 
10 
- 
110 
220 


'PLH. 
'PHL' 
(0.26 n./pFI 
CL + 62 ns 
15 
- 
75 
150 
Clock to Parallel out 
tPLH. tpHL' 
(0.90 n./pFI 
CL + 375 n. 
5.0 
- 
420 
840 
tPLH.lpHL· 
(0.35 n./pFI 
CL + 177 n. 
10 
- 
195 
390 
tpLH. 
tpHL' 
(0.26 n./pFI 
CL + 122 n. 
15 
- 
135 
270 
Strobe to Parallel out 
tPLH.IPHL· 
(0.90 ns/pFI 
CL + 245 ns 
5.0 
- 
290 
580 
tPLH.IPHL· 
(0.36 ns/pFI 
CL + 127 ns 
10 
- 
145 
290 
tPLH. tPHL' 
(0.26 ns/pF) 
CL + 87 n. 
15 
- 
100 
200 
Output Enable 10 Output 
tPHZ.IPZL· 
(0.90 n./pFI 
CL + 95 n. 
IpHZ· 
5.0 
- 
140 
280 
tPHZ.IPZL· 
(0.36 ns/pF) 
CL + 57 ns 
'PZL 
10 
- 
75 
150 
tPHZ. tPZL 
• (0.26 n./pFI 
CL + 42 n. 
15 
- 
55 
110 


tpLZ. 
tPZH 
• (0.90 ns/pF) 
CL + 180 n. 
'PLZ· 
5.0 
- 
225 
450 
'PLZ. 
'PZH 
• (0.36 ns/pFI 
CL + 77 n. 
IPZH 
10 
- 
95 
190 
tPLZ. 
'PZH' 
(0.26 ns/pF) 
CL + 57 ns 
15 
- 
70 
140 


Setup Time 
'su 
n. 
Data 
in to Clock 
5.0 
125 
60 
- 


10 
55 
30 
- 


15 
35 
20 
- 


Hold Time 
th 
5.0 
0 
-40 
- 
ns 
Clock to Data 
10 
20 
-10 
- 
15 
20 
0 
- 


Clock Pulse Width. 
High 
tWH 
5.0 
200 
100 
- 
n. 
10 
100 
50 
- 


15 
83 
40 
- 


Clock Rise and Fall Time 
'rlell 
5 
- 
- 
15 
u· 
I,(el) 
10 
- 
- 
5.0 


15 
- 
- 
4.0 


Clock Pulse F requencV 
lei 
5.0 
- 
2.5 
1.25 
MHz 
10 
- 
5.0 
2.5 
15 
- 
6.0 
3.0 


Strobe Pulse Width 
tWL 
5.0 
200 
100 
- 
n. 
10 
80 
40 
- 
15 
70 
35 
- 


For 
For 


'PHZ 
tpLZ 
and 
I and 


'PZL 
VOO 
b 


IC~c;- - - - ~c~ 
- 
- 
- 
- l 
~t~b-;- - 
- 
- 
I 


- --.., 


~~ 
I 


3·$tate 
Buffer 
2 
5 02 


3-State 
Buffer 
3 
6 03 


3 State 
Buffer 
4 
7 04 


3·Steta 
Buffer 
5 
14 05 


3·Steta 
Buffer 
6 
13 06 


3·State 
Buffer 
7 
12 07 


3-$tate 
Buffer 
8 
" 
08 


10 O'S 


3~CIOCk 


Clock 


Clock 


'~-StrObe 


Strobe 


Strobe 


1=1 
o o_s 
~sj% 


t;=tPLH 
tSO% 
-------------------- 
• 
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CMOS 
(LOW-POWER COMPLEMENTARY 
MOS) 


ANALOG MULTIPLEXERI 


DEMULTIPLEXER 


The MC14097 multiplexer/demultiplexer 
is a digitally controlled analog 
switch featuring 
low ON resistance 
and very low leakage current. 
This 
device can be used in either digital or analog applications. 
The MC14097 is a differential 
8-channel multiplexer/demultiplexer 
with 
an inhibit and three binary control inputs A, Band C. These control inputs 
select 1 of 8 pairs of channels 
by turning 
ON the appropriate 
analog 
switches. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
623 


• 
Low OFF Leakage Current 


• 
Matched Channel Resistance 


• 
Low Quiescent Power Consumption 


• 
Low Crosstalk Between Channels 


• 
Wide Operating Voltage Range: 3 to 18 V 


• 
Low Noise 
• 
Pin for Pin Replacement for C04097B 


CSeries: -40"Cto +8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


MC14097B 


PIN ASSIGNMENT 
Dual 8-Channal 
Analog 


MC14097B 
Multiplexer/Demultiplexer 
f 


Inhjbit 
• 


Xout/ln 
voo 
10 
A 
C')ntrols 
11 
B 


X7 
YO 
14 
C 


X6 
Y1 
--- 


9 
XO 


X5 
Y2 
B 
Xl 


7 
X2 
X4 
Y3 
6 
X3 


5 
X4 
X 


X3 
Y4 


4 
X5 


X2 
Y5 
3 
X6 


2 
X7 


X1 
Y Out/In 
In/Out 
Outlln 
23 
YO 


Y6 


22 
Y1 
XO 
21 
Y2 


A 
Y7 
20 
Y3 
Y 
17 
19 
Y4 


B 
C 
1B 
Y5 


VSS 
VOO=Pin 
24 
16 
Y6 


Inhibit 
Vss=Pin 
12 
15 
Y7 
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The 
MC14099B 
dnd 
MC14599B 
are 
8·blt 
addressable 
latches. 


Data 
IS ~Iltered 
In serial 
form when 
the appropriate 
latch 
is addressed 


(Vld address 
pins 
AD. 
A 1, A21 
and 
wrIte 
disable 
is In the 
low 
state. 


Chl~ 
enable 
must 
be 
high 
for 
writing 
Into 
MC145998. 
For 
the 
MC14599B 
the 
data 
pin 
IS 
a 
bidirectional 
data 
port 
and 
for 
the 


MC140998 
the Input 
1$a unidirectional 
write 
only port. 
The Wrlte/ 


Read ILne controls 
thIS port 
In the MC14599B 
The 
data 
IS presented 
In 
parallel 
at 
the 
output 
of 
the 
eight 


latches 
Independently 
of 
the 
state 
of 
Write 
Disable, 
Wrlte/Read 


or Chip 
Enable. 


A Master 
Reset capability 
IS avaJlable 
on both 
parts 


• 
Sef lal Data 
Input 


• 
Parallel 
Output 


• 
Supply 
Voltage 
Range ~ 30 
Vdc 
to 
18 Vdc 


• 
Capable of Driving Two low-power TTl loads or One low-Power 
Schottky TTl load over the Rated Temperature Range 


• 
MC14099B 
pin 
for pin compatible 
With CD4099B 


Symbol 
Parameter 
Value 
Unit 


VOO 
iJC Supply 
VOllage 
05 
to 
. lH 0 
V 


Von 
Vou: 
Input 
or Oulpul 
VOltage 
(DC 
or 
lranSlen!) 
a 5 to VOD 
·05 
v 


1m 
loul 
Input 
or Output 
Current 
{DC 
or 
lranSlenll 
per 
Pill 
W 
mA 


Po 
Power 
Oissipallon, 
per 
Packagct 
500 
mW 


r sIn 
Staraqe 
lemperalure 
65 10 
150 
C 


I L 
Lead 
Jernperature 
(8-Second 
Soldering) 
260 
C 


-MaXimum 
Ratlnqs 
dre 
those 
values 
beyond 
whiCh 
damage 
10 the 
deVice 
m.Jy occur 


T lempcrature 
Derallng 
P1asllc 
P 
Package 
12rr.W 
'C from 
65'C 
to 8S C 


CeramiC 
L 
Package 
12mW 
C tram 
100'C 
to 
12~ C 


"'00 
'6 


.•.••s 
8 


PIN ASSIGNMENT 


MC14099B 
MC14599B 


-- 


' 
r 
I 


16 
,I I ' : 
16 
1 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
726 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
707 


C Series 
- 40·C to + 85·C 


MC14XXXBCP 
(Plastic 
Package) 


MC 14XXXBCl 
(Ceramic 
Package) 


This device 
contains 
protection 
circuitry 
to 


guard 
against 
damage 
due 
to 
high 
static 
voltages or electric fields. 
However, precau- 


tions must be taken to avoid applications 
of 


any 
voltage 
higher 
than 
maximum 
rated 


voltages to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin and 
Vout 
should 
be 


constrained 
to 
the 
range 
VSS 
:!!":i; 
(Vin 
or 
Vout) '" VOO· 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g .• either VSS 
or VOO). Unused outputs must be left open. 


• 


Voo 
T_· 
250C 
T••· ••• 
Cha,ecteriltic 
Sy"-' 
VcIc 
Min 
MIIx 
Min 
Typ# 
MIIx 
Min 
MIIx 
Unit 
OutputVoItoge 
''0'' Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vi"· 
VOO orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"I" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin - Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input Voltage 
"0" Level 
VIL 
Vde 
(VO- 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO- 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO - tJ.5 or 1.5 Vdel 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"I" Level 
VIH 
(VO- 0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO - 1.0 or 9.0 Vde) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO -1.5 or 13.5 Vdel 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
(A L Device) 
IOH 
mAde 
(VOH- 2.5 Vdel 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH- 4.6 Vdel 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH- 13.5 Vde) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL- 0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
(VOL - 0.5 Vdel 
10 
1.6 
- 
i.3 
2.25 
- 
0.9 
- 
(VOL- 1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Ori••••Current (CL/CPDevice) 
IOH 
mAde 
(VOH- 2.5 Vdel 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH- 4.6 Vdel 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vde) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH- 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL- 0.4 Vde) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
(VOL - 0.5 Vdel 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL- 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current (AL Device) 
lin 
15 
- 
.0.1 
- 
.0.ססoo1 
.0.1 
- 
.1.0 
••Ade 
Input Current (CL/CPOevicel 
lin 
15 
- 
.0.3 
- 
.0.ססoo1 
.0.3 
- 
.1.0 
.,Ade 


Input CaPKitence 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(ViR- 01 


Input Capacit.nce 
Cin 
- 
- 
- 
- 
15.0 
22.5 
- 
- 
pF 
MC14599B-Oata (pin 3) 
(Vin - 01 


Quiescent Current 
(At Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
""de 
(Per Package) 
10 
- 
10 
- 
.0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
800 


Quiescent Current 
(CL/CP 
O•••.ice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
.,Ade 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
800 


Tot.1 Supply 
Current··t 
IT 
5.0 
IT -(1.5.,A/kHz) 
f + 'DO 
••Ade 
Dvnemic: 
plus Quiescent. 
10 
IT - (3.0 ••AlkHzI f + 100 
Per Packagel 
15 
IT - (4.5 ••A/kHzI f + 100 
(CL - 50 pF ORall outputs. 
ell buffers switching) 


VDD 
Chlrlet.,ittle 
Symbol 
Vdc 
Mln 
Typ# 
M•• 
Unit 


Output 
Rile and 
Fall Time 
tTLH. 
no 
tTLH. tTHL • 11.35 nsfpFI CL +32 ns 
tTHL 
5.0 
- 
100 
200 
'TLH. 'THL' 
10.6 nsfpFI CL +20 ns 
10 
- 
60 
100 
'TLH. tTHL • 10.4nsfpFI CL +20 ns 
15 
- 
40 
80 


Propev-tion 
Delay Time 
tpHL. 
ns 
Data to Output a 
tPLH 
5.0 
- 
200 
400 
10 
_. 
75 
160 
15 
- 
50 
100 


Write 
Disable 
to Output a 
5.0 
- 
200 
400 
ns 
10 
- 
80 
180 
15 
- 
60 
120 


Reset 
to Output a 
5.0 
- 
175 
360 
no 
10 
- 
80 
160 
15 
- 
65 
130 
CE 10 Oulpul a (MC14599B only) 
5.0 
- 
225 
460 
ns 
10 
- 
100 
200 
15 
- 
75 
160 


Propagation Oeley Time, MC145998 
only 
'PHL. 
ns 


Chip Enable, 
Write/Read 
to oa'e 
tPLH 
5.0 
- 
200 
400 
10 
- 
80 
160 
15 
- 
65 
130 


Address 
to olte 
5.0 
- 
200 
400 
ns 
10 
- 
90 
180 
15 
- 
75 
160 


Pulse Widths 
tW(H) 
no 
Reset 
tWILl 
5.0 
160 
75 
- 


10 
75 
40 
- 


15 
60 
25 
- 


Write Disable 
5.0 
320 
160 
- 
n. 
10 
160 
80 
- 


15 
120 
60 
- 


Set Up Time 
tou 
n. 


Data 
to Write 
Disable 
5.0 
100 
50 
- 
10 
50 
25 
- 
15 
35 
20 
- 
Hold Time 
'h 
n. 
Write Disable to Data 
5.0 
160 
75 
- 
10 
75 
40 
- 
15 
60 
25 
- 


5el Up Time 


'su 
5.0 
100 
45 
- 
ns 
Address to Write Disable 
10 
80 
JO 
- 
15 
40 
10 
- 


Removal 
Time 
trem 
5.0 
0 
-80 
- 
no 


Write 
Disable 
to Address 
10 
0 
-40 
- 


15 
0 
-40 
- 


,------------ 
--, 


I 
I 
I 
I 
I 
I 


eech 
Letch 
I 
_____________ 
J 
To 


Other 
Lltch •• 


Wrlto 
Addr_od 
Unoddr __ 


DllOblo 
A_t 
Lotch 
LIItch •• 
a 
a 
o.tl 
On" 
a 
1 
D,tl 
AOlOtt 
I 
a 
On" 
On" 
I 
1 
R ••• t 
A_t 


wri~eo~i~;ble ~o% 
¥..----- 
VDD 


~ 
'-'-P-LH--------:.r·,p-H-L---- 
Vss 


10 
01 


11 
02 


CAUTION: 
To avoid unintentional data changes in the latches, 
Write Disable must be active (high) during transitions 
on the address inputs AO, A I, and A2. 


~t= 
'\1;- 


Data --.A:_, 
"-- 
VDD 


VSS 


----------, 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 


Eoc" Lotc" 
I 
_____ 
.J 


To 
Other 


Latch •• 


A2 
7 


IM.S.B.l 


Chip 
Write 
Add,_ 
Other 
Dtlu 


Enable 
Write/Reed 
Oiublo 
R_ 
latch 
Lot_ 
Pin 
0 
X 
X 
0 
· 
· 
Z 


1 
1 
0 
0 
Oat. 
· 
Input 


1 
1 
1 
0 
· 
· 
Z 


1 
0 
X 
0 
· 
· 
Qft 


X 
X 
X 
1 
0 
0 
Z/O 
x • Don't CIIr •• 
• 
• No ch8nge 
in Itllte of latch. 
Z 
• High impedenca. 


On· 
Stat. 
of _ 
Iateh. 


t2 A' 


'3 02,. 03 


'5 a. 


O'll 05 


17 all 
, 07 


• 


tltLH 


-VOO 


VSS 


VOO 


-VSS 


_VOO 


VSS 


VSS 


VOO 
50% 
50% 


- 
VSS 


------------- 
VSS 


VOO 


ooto 
_~ 
B_l 
~~~1---t;-pL-H~-.fi-5O%----~---:: 


"2."1."0 
VSS 
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The MC14106B 
hex Schmitt 
Trigger 
is constructed 
with MOS P-channel 
and N-channel enhancement mode devices in a single monolithic struc- 
ture. These devices find primary 
use where low power dissipation and/or 
high noise 
immunity 
is desired. 
The MC14106B 
may be used 
in place 
of 
the MC14069UB 
hex inverter 
for enhanced 
noise 
immunity 
or to "square 
up" slowly 
changing 
waveforms. 


Symbol 
P.r.met.r 
V.lue 
Unit 


VOO 
DC Supply 
Voltage 
-05 
to + 18.0 
V 


Vln· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transiont), 
per 
Pin 
~10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to +150 
'C 


TL 
Lead 
Temperature 
(a-Second Soldering) 
260 
'C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating 
PlastiC 
"P" 
Package: 
- 12mWrC 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
- 12mWrC 
from 
looGe 
to 
125°C 


This device contains protection circuitry to guard against damage due to 
high 
static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be 
taken to avoid applications 
of any voltage 
higher than maximum 
rated 
voltages to this high-impedance 
circuit. 
For proper operation, 
Vin and 
Vout should be constrained to the range VSS 
:!SO (Vin or Vout) 
>S; 
VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level 
(e.g., either VSS or VOO). Unused outputs must be left open. 


HEX 


SCHMITT TRIGGER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
646 


C Series: 
- 40"C to + 8S'"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


1~2 


3~4 


5~6 


9~B 


11~10 
13-D»-12 • 


VDD 
Tlow. 
2S"C 
Thigh. 


Characterlatlc 
Symbol 
Vdc 
Mln 
Ma. 
Mln 
Typ" 
Ma. 
Mln 
Ma. 
Unit 


Output Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=O 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Hysteresis 
Voltage 
VHt 
5.0 
0.3 
2.0 
0.3 
1.1 
2.0 
0.3 
2.0 
Vdc 
10 
1.2 
3.4 
1.2 
1.7 
3.4 
1.2 
3.4 
15 
1.6 
5.0 
1.6 
2.1 
5.0 
1.6 
5.0 


Threshold 
Voltage 


Positive· Going 
VT+ 
5.0 
2.2 
3.6 
2.2 
2.9 
3.6 
2.2 
3.6 
Vdc 
10 
4.6 
7.1 
4.6 
5.9 
7.1 
4.6 
7.1 


15 
6.8 
10.8 
6.8 
8.8 
10.8 
6.8 
10.8 


Negative·Going 
VT- 
5.0 
0.9 
2.8 
0.9 
1.9 
2.8 
0.9 
2.8 
Vdc 
10 
2.5 
5.2 
2.5 
3.9 
5.2 
2.5 
5.2 


15 
4.0 
7.4 
4.0 
5.8 
7.4 
4.0 
7.4 


Output Drive Current 
(AL Device) 
IOH 
mAde 


(VOH-2.5 
Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
1.7 
- 
(VOH~4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
0.36 
- 
(VOH~ 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
0.9 
- 
(VOH-13.5 
Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
2.4 
- 


(VOL- 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL- 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL- 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output Drive Current (CLlCP 
Device) 
IOH 
mAde 


(VOH~ 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH~4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH- 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL~ 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL~ 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL~ 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
±0.1 
- 
±0.00001 
±O.1 
- 
±O.1 
!-LAde 


Input 
Current 
(CUCP 
Device) 
lin 
15 
- 
±0.3 
- 
±0.00001 
±0.3 
- 
±0.1 
•.•.Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin~O) 


Quiescent 
Current 
(AL 
Device) 
too 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
•.•.Ade 


(Per 
Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent 
Current 
(CUCP 
Device) 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
•.•.Ade 


(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
34 


Total 
Supply 
Current·*t 
IT 
5.0 
IT-(1.8 
••.A/kHz) f+IOO 
•.•.Ade 
(Dynamic 
Plus Quiescent, 
10 
IT~ (3.6 ••.A/kHz) f + 100 


Per Package) 
15 
IT~ (5.4 ••.A/kHz) f + 100 


(eL = 50 
pF on 
all outputs, 


all 
buffers 
switching) 


where: 
IT is in IolA (per package), 
CL in pF, V "" (VOO - VSS) 
in volts, 


f in kHz is input frequency, 
and k = 
0.001. 


tVH 
= VT + - VT _ 
(But 
maximum 
variation 
of VH 
is specified 
as 


less 
than 
VT + max 
- VT - min)· 


Voo 


Characteristic 
Symbol 
Vdc 
Mln 
Typ # 
Ma. 
Unit 


Output 
Rise 
Time 
lTLH 
50 
- 
100 
200 
ns 


10 
- 
50 
100 


15 
- 
40 
80 


Output 
Fall 
Time 
tTHL 
50 
- 
100 
200 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay 
Time 
lpLH. 
tpHL 
50 
- 
125 
250 
ns 


10 
- 
50 
100 
15 
- 
40 
80 


20 
ns 


VOO 
,. 
Input 


VSS 


Vss 
I CL 
VOH 


Output 


VOL 


iff 


1 
- t--+~- 
-- - ~-+- 


t - 


VT- 
Vr' 


--------1 
VH I-- 


V1n. 
(NPUT 
VOLTAGE 
(Vdd 


l_~ 
__ 
~ 
T7'LI-_~~_- 
I 
I 
1 
VSS 


I 
1 
I 


VH~ 
VOO 
-1-_ 
__ 
__ 


Vm T - 
,- - i 
- 
1- - 
- 


I 
, 
I 
I 
VSS • 


• 


VT+ 
VT- 


"t2-RC 
In 
VOO 
- 
VT- 
VOO 
- 
VT+ 


2..-RC 
In rivoo - VT-V 
VT+ 'lJ 


I 
lSvoo - VT";~~ 


t '.dg~ 


VOO 


C 
-.+1-- 


Rs 
L.r 
~ 


Vout 


R 


tw=RC 
In 
VOO 
- 
VT+ 


@MOTOROLA 


SYNCHRONOUS 
PRESETTABLE 
4-BIT 
COUNTERS 


The 
MC14160B 
- 
MC14163B 
are 
synchronous 
programmable 


counters 
constructed 
with 
complementary 
MaS 
P-Channel 
and 


N-Channel 
enhancement 
mode 
devices 
in a single 
monolithic 
struc- 


ture. 
These 
counters 
are 
functionally 
equivalent 
to 
the 
74160- 


74163 
TTL 
counters. 


Two are synchronous 
programmable 
BCD counters 
with 
asynchronous 
and synchronous 
clear 
inputs 
respectively 
(MC14160B, 
MC14162B). 
The 
other 
two are synchronous 
programmable 
4-bit 
binary 
counters 
with 
the 
asynchronous 
and 
synchronous 
clear 
respectively 
(MC14161B, 
MC14163B). 


• 
Internal 
Look·Ahead 
for 
Fast Counting 


• 
Carry 
Output 
for 
N-Bit 
Cascading 


• 
Synchronously 
Programmable 


• 
Synchronous 
Counting 


• 
Load 
Control 
Line 


• 
Synchronous 
or Asynchronous 
Clear 


• 
Positive 
Edge Clocked 


Symbol 
P.r.met., 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin, lout 
Input or Output Current (DC or Transient), per Pin 
",10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Totn 
Storage Temperature 
-65 
to 
+ 150 
·C 
h 
Lead Temperature (a-Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: -12mWrC from 65°C to 85°C 
Ceramic "L" 
Package: -12mWfOC from tOO°C to 125°C 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due 
to high static voltages 
or electric 
fields. 
However, precautions 
must be 
taken to avoid applications 
of any voltage 
higher than maximum 
rated 
voltages 
to this highMimpedance circuit. 
For proper 
operation, 
Vin and 
Vout should be constrained 
to the range VSS 
os: (Vin or Vout) 
os: VDD. 


Unused inputs must always be tied to an appropriate 
logic voltage 
level 
(e.g., 
either 
VSS or VOO)' 
Unused 
outputs 
must 
be left open. 


MC14160B 
BCD COUNTER 
with Asynchronous Clear 


MC14161B 


4-BIT 
BINARY 
COUNTER 
with Asynchronous Clear 


MC14162B 
BCD COUNTER 
with Synchronous Clear 


MC14163B 


4-BIT 
BINARY 
COUNTER 
with Synchronous Clear 


, SUFFIX 
PLASTIC 
PACKAGE 
CASE 
6.-& 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


C Series: 
- 4QoC to 
+ 85°C 


MC14XXXBCP 
(plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK DIAGRAM 


PE 
01 
14 


10 
TE 


CI•• r 
02 
13 • 


9 
COid 


Clock 
03 
12 


3 
PI 


4 
P2 
04 
11 


P3 


6 
P4 
C.rrv 
t5 
aut 


Voo 
- 
Pin 
16 


Vss - 
Pin 
8 


• 


Voo 
Tlow· 
2SoC 
Thi h- 


Characteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
Typ '" 
Max 
Min 
M •• 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
- 
a 
0.05 
- 
005 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
a 
0.05 
-- 
0.05 
15 
_. 
0.05 
a 
005 
_. 
0.05 


"1" Level 
VOH 
50 
4.95 
.. 
4.95 
5.0 
-- 
4.95 
- 
Vdc 
Vin=O 
or VOO 
10 
9.95 
- 
9.95 
10 
995 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(VO~4.5 
or 0.5 Vdc) 
5.0 
15 
2.25 
15 
- 
15 


(Vo-g.O 
or 1.0 Vdc) 
10 
30 
- 
4.50 
3.0 
- 
3.0 
(VO-13.5 
or 1.5 Vdc) 
15 
- 
4.0 
6.75 
4.0 
- 
40 


"". 
Level 
VIH 
(VO - 0.5 or 4.5 Vdc) 
5.0 
3.5 
35 
275 
- 
3.5 
- 
Vdc 
(VO - 1.0 or 9.0 Vdc) 
10 
70 
7.0 
550 
- 
70 
- 


(VO~I.5 
or 13.5 Vdc) 
15 
110 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL DeVice) 
IOH 
mAde 


lVOH - 2.5 Vdcl 
Source 
5.0 
·3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH ~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


lVOH = 9.5 Vdcl 
10 
-16 
- 
-1.3 
-2.25 
_. 
-0.9 
- 


IVOH 
= 13.5 Vdcl 
IS 
-4.2 
.. 
-3.4 
-88 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
064 
.. 
051 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1 3 
225 
- 
0.9 
- 


(VOL' 
15 Vdcl 
15 
4.2 
.- 
34 
88 
- 
2.4 
- 


Output 
Drive 
Current 
(CUep Device I 
IOH 
mAde 


(VOH 
= 2.5 Vdcl 
Source 
50 
-2.5 
- 
-2.1 
-4.2 
-1.7 
- 


lVOH 
= 4.6 Vdcl 
50 
-0.52 
-0.44 
-0.88 
- 
-0.36 
- 


lVOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


lVOH 
= 13.5 Vdc) 
IS 
-3.6 
.. 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
tOL 
50 
0.52 
.. 
0.44 
088 
- 
0.36 
- 
mAde 


lVOL 
= 0.5 Vdcl 
10 
1.3 
1.1 
2.25 
0.9 
- 


(VOL 
= 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
24 


Input Current tAL Device) 
lin 
15 
- 
'01 
- 
'000001 
'0 
1 
- 
!'O 
J,iAdc 


Input Current (CLlep Devicel 
lin 
15 
,03 
'0 00001 
'03 
- 
:!: 1.0 
/JAde 


Input Capacitance 
Cin 
- 
- 
50 
7.5 
- 
pF 


(Vi" 
01 


QUIescent Current IAL DeVIce) 
100 
5.0 
- 
50 
.- 
0.005 
50 
- 
150 
,..Adc 


(Per 
Package) 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
0.015 
20 
- 
600 


QUIescent Currenl ICUep 
Devlcel 
100 
5.0 
.. 
20 
.. 
0.005 
20 
- 
150 
J,iAdc 
(Per Package) 
10 
- 
40 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current· 
• t 
IT 
5.0 
IT 
10.56 "A/kHzl 
t t 'DO 
IJAdc 


(Dynamic plus Quiescent, 
10 
IT - (1.1 
/-lA/kHz) 
t 
+ 100 
Per Package) 
15 
IT - (1.9 
j.iA/kHzl 
f 
+ 100 
eel" 
50 pF on all outpulS. all 
buffers swilching) 


Voo 
Cherect.rlatlc 
Symbol 
Vdc 
Mln 
Typ '" 
Me. 
Unit 


Output 
Rise 
Time 
tTlH 
ns 


5.0 
- 
100 
200 


10 
- 
50 
100 


15 
- 
40 
BO 


Output 
Fall 
Time 
tTHL 
ns 


5.0 
- 
100 
200 


10 
- 
50 
100 


15 
- 
40 
BO 


Propagation 
Delay 
Time 
tpLH· 
ns 


tpHl 


Clock 
to Q 


tPlH. tpHl = (0.90 ns/pF) Cl + 305 ns 
5.0 
- 
350 
700 


'pLH. 
tpHL 
~ (0.36 
ns/pF) 
CL + 132 
ns 
10 
- 
150 
300 


tplH. 
tpHL = (0.26 
ns/pF) 
CL + 87 
ns 
15 
- 
100 
200 


Clock to Carry Out 


'pLH, 
tPHL 
~ (0.90 
ns/pF) 
CL + 395 
ns 
5.0 
- 
440 
BBO 


IplH. tpHl = (0.36 ns/pF) CL+ 167 os 
10 
- 
1B5 
370 


IplH. 
tpHL = (0.26 
ns/pF) 
CL + 112 
os 
15 
- 
125 
250 


TE 
to Carry 
Out 


tPLH. 
tPHl 
= (0.90 
ns/pF) 
CL + 225 
os 
5.0 
- 
300 
600 


tPLH. 
tPHL = (0.36 
ns/pF) 
Cl + 112 
os 
10 
- 
130 
260 


tPlH. tpHl = (0.26 ns/pF) Cl + 77 ns 
15 
- 
90 
1BO 


aearto 
Q (MC14106B, 
MC14161B 
only) 


tPLH. 
tpHL = (0.90 
ns/pF) 
CL + liOns 
5.0 
- 
350 
700 


tplH. tpHl = (0.36 ns/pF) Cl + 37 ns 
10 
- 
150 
300 


tpLH. 
tpHl 
= (0.26 
ns/pF) 
CL + 22 
ns 
15 
- 
100 
200 


Setup Times 
Data to Clock 
'su 
5.0 
320 
160 
- 
ns 


10 
130 
65 
- 


15 
90 
45 
- 


Load to Clock 
5.0 
600 
300 
- 


10 
260 
130 
- 


15 
lBO 
90 
- 


Enable 
to Clock 
(PE 
or TE) 
5.0 
420 
210 
- 


10 
170 
B5 
- 


15 
120 
60 
- 


Clear 
to Clock 
(MCt4162B. 
MC14163B 
only) 
5.0 
310 
155 
- 


10 
110 
55 
- 


15 
70 
35 
- 


Hold 
Times 


Clock 
to Data 
th 
5.0 
-10 
-80 
- 
ns 


10 
-5 
-25 
- 


15 
0 
-15 
- 


Clock to load 
5.0 
-40 
-195 
- 


10 
-10 
-BO 
- 


15 
-5 
-50 
- 


Clock 
to PE 
5.0 
-40 
-175 
- 


10 
-10 
-70 
- 


15 
0 
-40 
- 


Clock 
to TE 
5.0 
-150 
-2BO 
- 


10 
-30 
-130 
- 


15 
-20 
-80 
- 


Clock 
to Clear 
(MC14162B, 
MC14163B 
only) 
5.0 
BO 
40 
- 


10 
30 
15 
- 


15 
-10 
-70 
- 


Clear 
Removal 
Time 
(MC14160B, 
MC14161B 
only) 
trem 
5.0 
90 
30 
- 
ns 


10 
65 
20 
- 


15 
55 
20 
- 


• 


Voo 
Characterlatlc 
Symbol 
Vdc 
Mln 
Typ ••• 
Max 
Unit 


Clear Pulse Width, Low (MC14160B, MC14161B only) 
tWL 
5.0 
200 
100 
- 
ns 


10 
90 
45 
- 
15 
60 
30 
- 


Clock Pulse Wid1h, High 
tWH 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 
15 
70 
35 
- 


Clock Rise and Fall Time 
tr, 
5 
- 
- 
15 
"s 
tf 
10 
- 
- 
5 


15 
- 
- 
4 


Clock Pulse Frequency 
fel 
5.0 
- 
2.0 
1.0 
MHz 


10 
- 
5.0 
2.5 


15 
- 
8.0 
4.0 


~ 


50% 


These counters 
are lully 
programmable; 
that is the 
outputs may be preset to either level. As preselling 
is 
synchronous, selling up a low level at the load input dis- 
ables the counter and causes the outputs to agree with 
the setup data alter the next clock pulse regardless of 
the levels of the enable inputs. The clear function for the 
MC14160B, MC14161 B is asynchronous and a low level 
at the clear input sets all lour of the Ilip-fiop outputs low 
regardless 01 the levels 01 the clock, load or enable in- 
puts. 
The 
clear 
function 
for 
the 
MC 14162B 
and 
MC14163B is synchronous 
and a low level at the clear 
inputs sets all four 01 the flip-flop outputs low alter the 
next clock pulse, regardless 01 the levels 01 the enable 
inputs. This synchronous 
clear allows the count length 
to be modified easily; decoding the maximum count de- 


sired can be acomplished with one external NAND gate. 
The gate output is connected to the clear input to syn- 
chronously clear the counter to 0000 (LLLL). 


The carry look-ahead circuitry 
provides lor cascading 
counters for 
n-bit 
synchronous applications without 
additional 
gating. 
Instrumental 
in 
accomplishing 
this 
function are two count-enable inputs and a carry output. 
Both count-enable inputs (PE. TEl must be high to count, 
and enable input 
TE fed forward 
to enable the carry 
output. 
The carry output 
thus enabled will 
produce a 
positive 
output 
pulse with 
a duration 
approximately 
equal to the positive portion 01 the 01 output_ This posi- 
tive overflow carry pulse can be used to enable successive 
cascadedstages. 


• 


Sequence 
IlIu.tr.ted 
in w ••••eforms: 


1. 
Cle.r 
outputs 
to zero. 


2. 
Preset 
to 
BCD seven. 


3. 
Count 
to eight, 
nine, 
zero, 
one, 
two, 
.nd 
three. 


4. 
Inhibit 


CI•• r (MC14160B) -----U 


I 


Cl•• r (MC14162B) 
~ 


{ 


p,-.J 


Oeu 
P2-.J 
Inputs 
_ 
P3-.J 
P4---------------------------------- 


Clock 
(MC14160B) 


I:i 


En.bl •• {:: 
iI~--------------------: 
_ 


{ 


o, 
iJ-i 


I 
I 
I 


Q2 - 
- 
- 
-:~~--------. 
Outputs 
: 
I 
I 
03- 
__ '--r-l 
_ 
I 
I 
I 
I 
I 
~---_ 
04-- 
I 
I 
I 
I 
I 
I 
I 
I 
I 
C.rry 
I 
I 
I 


Out 
I 
17 
18 
1 
1 
I .• 
Il 
_ 


o 
• 


II 
PE 


TE 
10 


Sequence illustr.ted 
in w.veforms: 


1. CI•• r outputs to zero. 
2. 
Preset to bin.ry 
tw.'ve. 


3. 
Count to thirt.en. 
fourt •• n. fift •• n, z.ro. on., .nd two. 
4. 
Inhibit 


Clu, 
(MC14161B) ----_ 
_ 
_ 
U(Asynchronous) 


I 
Cle., (MC14163Bl ---, 
: I 
~tSynChrOnOUS) 


PE 
_ 


{ 


I, 


En.bles 
TE 
:: 
,•••••• 
-------------------- 
••••• 
_ 


1 
I 
1 
I 
I 
I 


--, 
I 


I 
I 


I 
, 
--, 
__ 
:--.J 


I 
' 
__ :--.J 


I 
I 
I 
, 
, 
I 


I 
112 
I I 


I 
I 
1 
I 
, 
I 
I 
n 
I 
I 
I 


113 ,. 
15 
0 
21 
I.. 
Count 
-I- 
tnhibit 
• 


• 


@MOTOROLA 


The MC14174B hex type D flip-flap 
is constructed with MOS P- 


channel and N-channel enhancement mode devices in a single mono- 
lithic 
structure. Data on the D inputs which meets the setup time 
requirements is transferred to'the 
Q outputs on the positive edgeof 
the clock pulse. All six f1ip·flops share common clock and reset in- 
puts. The reset is active low, and independent of the clock. 


• 
Static Operation 
• 
All Inputs and Outputs Buffered 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 


• 
Functional Equivalent to TTL 74174 


Symbol 
Peremeter 
V.lue 
Unit 


VDD 
DC 
Supply 
Voltage 
- 05 
to 
+ 18 0 
V 


Vm· 
Vout 
Input 
or Output 
Voltage 
(DC 
or TranSient) 
- 0 5 10 VOD 
+ 05 
V 


I,n. 
lout 
Input 
or Output 
CUfrent 
(DC 
or TranSient), 
per 
Pin 
:!::10 
mA 


PD 
Power 
DIssIpation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 65 to +' 50 
°C 


TL 
Lead Temperature (a-Second Soldering) 
260 
°C 


-Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
deVice 
may 
occur 


tTemperature 
DeratIng" 
Plastlc 
"P" 
Package 
- 12mWrC 
from 
65"C 
10 B5"C 


Ceramic 
"L" 
Package 
-12mWrC 
from 
lOQ"e 
to 
12S"C 


INPUTS 
OUTPUT 


Clock 
0_ 
Ir.Oi 
a 
~ 
0 
1 
0 
~ 
1 
1 
1 


""- 


X 
1 
a 
x 
x 
0 
0 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static 
voltages 
or electric 
fields. 
However, 
precautions 
must 
be takan 
to avoid 
applica- 
tions 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For proper 
operation, 
Vln and Vout should 
be constrained 
to the range VSS 
'" (Vin or Vout) '" VOO' 
Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either 
VSSor VOO)' Unusedoutputs musl be left open. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40°C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 
MC14XXXBCL 
(Ceramic 
Package) 


BLOCK 
DIAGRAM 


9 
Clock 
00 
II 
AoMt 
01 
5 
3 
00 
.1 
01 
02 


6 
02 
03 
10 
11 
03 


13! 
o. 
o. 
12 


1. 
05 
05 
1~ 


VOO - Pin US 
Vss - Pin 8 


Voo 
Tlow' 
25°C 
Thi h· 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ '" 
Mo. 
M," 
M•• 
Un.t 


Output 
Voltage 
"0" Level 
VOL 
50 
- 
005 
- 
0 
0.05 
- 
005 
Vdc 


V,n=VODorO 
10 
- 
0.05 
- 
a 
005 
- 
005 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


"'" level 
VOH 
50 
4.95 
- 
4.95 
5.0 
- 
495 
- 
Vdc 
V1n = 0 or Vao 
10 
9.95 
- 
9.95 
10 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage: 
"0" 
Level 
VIL 
Vdc 


IVO = 4.5 0' 0.5 Vdcl 
50 
- 
15 
2.25 
15 
- 
15 


IVO = 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
450 
3.0 
- 
30 


IVO = 13.5 0,1.5 
Vdcl 
15 
- 
40 
675 
4.0 
- 
40 


.,," 
Level 
VIH 
IVO = 0.5 0' 4.5 Vdcl 
50 
35 
- 
3.5 
275 
- 
3.5 
- 
Vdc 
IVO = 1.0 0' 9.0 Vdcl 
10 
70 
- 
70 
550 
- 
7.0 
- 
(VO = 150,13.5 
Vdcl 
15 
110 
- 
110 
825 
- 
110 
- 


Output 
Drive 
Current 
tAL 
Device) 
IOH 
mAde 


(VOH = 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1 I 
- 


IVOH =4.6 Vdc) 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
10 
-16 
- 
-13 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


{VOL = 0.4 Vdcl 
Smk 
IOL 
50 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL = 0.5 Vdcl 
10 
16 
- 
13 
225 
- 
0.9 
- 


(VOL - 15 Vdcl 
15 
4.2 
- 
34 
88 
- 
24 
- 


Output 
Drive Current 
(CLlCP 
Devlcel 
IOH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-17 
- 


IVOH =4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH - 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1 3 
- 
1.1 
2.25 
- 
09 
- 


(VOL -15 
Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input 
Current 
tAL Devlcel 
I," 
15 
- 
'01 
- 
,000001 
,01 
- 
'10 
~Adc 


Input 
Current 
(ClICP 
DeVice) 
I," 
15 
- 
,03 
- 
'000001 
'03 
- 
"0 
~Adc 


'"put 
Capacitance 
C," 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
'" 01 


QUiescent 
Current 
(AL 
DeVice) 
100 
50 
- 
50 
- 
0.005 
50 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
Oevteel 
100 
5~ 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


IPer 
Package) 
11 
- 
40 
- 
0.010 
40 
- 
300 


15 
- 
80 
- 
0.015 
80 
600 


Total 
Supply 
Current-· 
t 
IT 
,.0 
IT - 111 ~AlkHlJ 
f • 100 
J..lAdc 
fDynamlc 
plus QUiescent. 
10 
IT 
- 
12.31JA/kHzl 
, 
t- 100 
Per Package) 
15 
IT 
" (3.7 
,..A/kHzl 
f 
t 
100 
ICL 
- 
50 
pF 
on all outputs, 
all 


buffers 
SWitching) 


VDD 
A1IT_ 


Ch_1ot1c 
Symbol 
Vde 
Mln 
Typ" 
Me. 
Unlt- 


OUlpUl R I•• ond 
Foil Time 
ITLH. 
tTHL 
n. 


tTLH. 
tTHL 
• (1.36 
n./pFI 
CL • 32 n. 
6.0 
- 
100 
200 


tTLH. 
tTHL 
• (0.8 n./pFI 
CL • 20 n. 
10 
- 
60 
100 


'TLH. 
tTHL 
• 10.4 n./pFI 
CL • 20 n. 
16 
- 
40 
110 


Pro~tion 
D."V 
Time 
- Clock to a 
'pLH. 
n. 


'PLH. 
'pHL 
• (0.9 n./pF) 
CL • 166 n. 
'pHL 
6.0 
- 
210 
400 


'PLH. 
'PHL 
• 10.38 n./pFI 
CL .84 
n. 
10 
- 
86 
180 


'pLH.'PHL· 
(0.28 
n./pFI 
CL • 52 n. 
15 
- 
65 
120 


Pro_etlan 
OoleV Time 
R"o•• lto a 
'PHL 
no 


'pHL' 
10.9 n./pFI 
CL • 206 
n. 
5.0 
- 
260 
600 


'pHL' 
(0.38 
n./pFI 
CL • 79 no 
10 
- 
100 
200 


'pHL' 
10.26 n./pF) 
CL • 62 n. 
16 
- 
76 
160 


Clock Pulse Width 
twH 
5.0 
160 
76 
- 
n. 


10 
90 
46 
- 


15 
70 
36 
- 


I1eiOt 
Pul •• Widlh 
twL 
5.0 
200 
100 
- 
no 


10 
100 
60 
- 


16 
110 
40 
- 


Clock 
Pul. 
Frequency 
fel 
5.0 
- 
7.0 
2.0 
MHz 


10 
- 
12.0 
6.0 


16 
- 
15.6 
8.6 


Ckx:k Put•• Ri •• end Fell Time 
ITLH. 
tTHL 
5.0 
- 
- 
15 
jO' 


10 
- 
- 
5 


15 
- 
- 
4 


DII •• Setup 
Time 
'au 
5.0 
40 
20 
- 
no 


10 
20 
10 
- 


15 
16 
0 
- 


O.te 
Hotel Time 
Ih 
6.0 
110 
40 
- 
n. 


10 
40 
20 
- 


16 
30 
16 
- 


Reset 
Removel Time 
I,om 
5.0 
260 
126 
- 
n. 


10 
100 
60 
- 


16 
110 
40 
- 
• 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


""'~ 
t,.m 


50" 


'WL 


• 


II 


@MOTOROLA 


The MCI4175B quad type 0 f1ip·flop is constructed with MOS p. 
channel and N·channel enhancement mode devices in a single mono· 
lithic structure. Each of the four flip·flops 
is positive·edgetriggered 
by a common clock input ICI. An active·low reset input (Rl asyn· 
chronously resets all flip·flops. 
Each flip·flop 
has independent Data 
(D) inputs and complementary outputs 
(Q and 0>. These devices 
may be used as shift register elements or as type T flip·flops 
for 
counter and toggle applications. 


• 
Complementary Outputs 


• 
Static Operation 
• 
All Inputs and Outputs Buffered 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Output Compatiblewith Two Low·PowerTTL Loads or One Low·Power 
Schottky TTL Load 


• 
Functional Equivalent to TTL 74175 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply 
Voltage 
0.5 to 
. 180 
V 


Vin· 
VOU1 
Input 
or Output 
Voltage 
(DC 
or Transient) 
05 
to VOO 
·05 
V 


lin· 
lout 
Inpul 
or Output 
Current 
(DC 
or Transient). 
per 
Pin 
• 10 
mA 


Po 
Power 
Dissipation, 
pet Packaget 
500 
mW 


Tsta 
Storage 
Temperature 
6510 
. 150 
C 


TL 
Lead 
Temperature 
(a-Second 
Soldering) 
260 
C 


-MaXimum 
RatIngs 
are those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur 


tTemperature 
Deratmg' 
PlastiC 
..p" 
Package 
12mW 
C from 
65~C 
10 85 C 


Ceramic 
"L" 
Package 
12mWC 
from 
100 
C 10 125 
C 


INPUTS 
OUTPUTS 


Clod< 
Data 
Ir.iOt 
0 
a 
..r- 
0 
t 
0 
1 
~ 
1 
1 
1 
0 
~ 
X 
t 
a 
a 
x 
x 
0 
0 
t 


This device 
contains 
protection 
cir- 
cuitry to guard against 
damage 
due to 
high static voltages 
or electric 
fields. 
However, 
precautions 
must 
be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to 
this 
high-impedance 
circuit. 
For 


proper operation, 
Vin and Vout should 
be constrained 
to the range 
VSS 
:!SO 
(Vin or Vout) '" VOO· 
Unused inputs must always be tied to 
an 
appropriate 
logic 
voltage 
level 
(e.g., either VSS or VOO).Unusedout- 
puts must be left open. 


~."". 
'6~~U 
U 161!t'yyn [l 


L SUFFIX 
CERAMIC 
PACKAGE 
CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


C Series: 
- 40 
QC 
10 + 85 


QC 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK 
OIAGRAM 


00 
2 
ao 
3 


01 
• 
or 
6 


02 
10 


Q2 
t1 
12 
03 
16 
t3 
Q:i 
,. 


VOO 
- Pin 
16 


Vss 
- Pin 8 


Voo 
T1ow• 
2SoC 
Thi h- 


Ch.ract.ri,tic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ # 
M•• 
Miri 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
50 
- 
005 
- 
0 
0.05 
- 
0.05 
Vdc 


VI" = VOD 
or 0 
10 
- 
005 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
005 
- 
0.05 


"1" 
Level 
VOH 
5.0 
495 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
V1n =0 
or Vao 
10 
995 
- 
995 
10 
- 
9.95 
- 
15 
1495 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(VO = 4.5 0' 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
15 
- 
15 


(VO:a9.0or 
1.QVdd 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO -13.5 
0".5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.,," 
Level 
VIH 
(VO = 0.50,4.5 
Vdcl 
5.l) 
3.5 
- 
35 
2.75 
- 
3.5 
.- 
Vdc 


(Va:: 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1Vo -1 
50< 13.5 Vdcl 
15 
11.0 
- 
110 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
50 
-0.64 
- 
-051 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-16 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


1VOL = 04 
Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
051 
088 
- 
0.36 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
16 
- 
1.3 
225 
- 
0.9 
- 


1VOL - 1.5 Vdcl 
15 
4.2 
- 
34 
88 
- 
2.4 
- 


Output 
Dove 
Current 
(CLlCP 
Devlcel 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
50 
-2.5 
- 
-2.1 
-4.2 
- 
-17 
- 


1VOH = 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-13 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


1VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
15 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
!O 
1 
- 
+000001 
+01 
- 
+ 10 
IJAdc 


Input Current 
lCLlCP 
Device) 
I,n 
15 
- 
+0.3 
- 
!O.OOOOl 
+03 
- 
+10 
/-JAde 


Input 
Capacitance 
Con 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi" 
0. 0) 


QUiescent 
CUH"ent 
IAL 
DeVice) 
100 
50 
- 
5.0 
- 
0.005 
50 
- 
150 
JJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Currenl 
(CLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
,/.lAde 


(per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = 11.7 "A/kHzl 
I + 100 
.uAdc 


(OyoalTHc 
plus 
Quiescent, 
10 
IT = (3.4 "A/kHzI 
I + 100 
Per Package) 
15 
IT = (5.0 "A/kHzl 
f 
+ 100 
fCl = 50 
pF 
on all 
outputs, 
all 


buffers 
sWitching' 
• 


• 


Voo 
All Ty ••• 


~"'ic 
Sy'-' 
Vde 
Min 
Typ" 
Mill< 
Unit 


Output Ri. 
and Fall Time 
tTLH. 
tTHL 
ns 


'TLH. 
tTHL 
• 11.35 nslpFI 
CL + 32 ns 
5.0 
- 
100 
200 


tTLH. 
'THL 
• 10.6 ns/pFICL 
+ 20 ns 
10 
- 
50 
100 


'TLH. 
tTHL 
• 10.4 ns/pFI 
CL + 20 ns 
15 
- 
40 
80 


Propagation Delay Time - 
Clock to a. a 
'PLH. 
ns 


'PLH. 
'PHL 
• (0.9 ns/pFI 
CL + 175 ns 
'PHL 
5.0 
- 
220 
400 


'PLH. 
'PHL 
• (0.36 ns/pFI 
CL + 72 ns 
10 
- 
90 
160 


'PLH. 
'PHL 
• 10.26 nslpFI 
CL + 57 ns 
15 
- 
70 
120 


Propagation Delay Time - 
Reset to C, a 
tpHL· 
ns 


'PHL 
• (0.9 nslpFI 
CL + 280 ns 
tPLH 
5.0 
- 
325 
500 


'PHL 
• (0.36 nslpFI 
Ct. + 112 ns 
10 
- 
130 
200 


'PHL 
• (0.26 nslpF) 
CL + 87 ns 
15 
- 
100 
150 


Clock Pulse Width 
twH 
5.0 
250 
110 
- 
ns 


10 
100 
45 
- 


15 
75 
35 
- 


Fre'iet Pulse Width 
twL 
5.0 
200 
100 
- 
ns 


10 
80 
40 
- 
15 
60 
30 
- 


Clock Pul. 
Frequency 
'el 
5.0 
- 
4.5 
2.0 
MHz 


10 
- 
11 
5.0 
15 
- 
14 
6.5 


Ckxk Put. 
Ri•• and Fall Time 
tTLH. 
tTHL 
5.0 
- 
- 
15 
III 


10 
- 
- 
5 


15 
- 
- 
4 


Data Setup Time 
'so 
5.0 
120 
60 
- 
ns 


10 
50 
25 
- 
15 
40 
20 
- 


De•• Hokt Time 
'h 
5.0 
80 
40 
- 
ns 


10 
40 
20 
- 
15 
30 
15 
- 


RUitRemoVIII Time 
.,•... 
5.0 
250 
125 
- 
ns 


10 
100 
50 
- 
15 
80 
40 
- 


°The formulas 
given 
are for the typical 
characteristics 
only at 25°C. 


'Data 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 


intended 
as an indication 
of the lC's potentia' 
performance. 


20n~20n. 


On 
5~r;," 
'0" 
--------------- 
th 
th 
~u 
tsu 


tWH(c;:1) 


tpLH 
9o" 
5o" 
'0" 
tTLH 
""]~J= 


trem 


5o" 


'WL 


3 
6 
10 
11 
15 
14 
•• 


00 
Oii 
01 
01 
02 
02 
03 
OJ 


@MOTOROLA 


The MC14194B is a 4-bit static shift registercapableof operating 
in the parallel load, serial shift left, serial shift right, or hold mode_ 
The asynchronous Reset 
input, when at a low level, overrides all 
other inputs, resets all stages, and forces all outputs low. When 
ReSet 
is at a logic 1 level, the two mode control inputs, SOand S1, 


control the operating mode as shown in the truth table. Both serial 
and parallel operation are triggered on the positive-going transition 
of the Clock input_ The Parallel Data, Data Shift, and mode control 
inputs must be stable for the specified setup and hold times before 
and after the positive·going Clock transition. 


• 
Synchronous Right/Left Serial Operation 
• 
Synchronous Parallel Load 
• 
Asynchronous Hold (Do Nothing) Mode 
• 
Functional Pin for Pin Equivalent of LS194 


Symbol 
Paramet.r 
Valu. 
Unit 


Voo 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin, 
'out 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
·'0 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tstn 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature 
(a-Second 
Soldering) 
260 
·C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperalure 
Derating: 
Plastic "p" Package: 
- 12mWrC 
from 65°C to 85'"C 
Ceramic "L" Package: 
-12mWJoC 
from looGe 
to 125°C 


4-BIT BIDIRECTIONAL 
UNIVERSAL 
SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASe 
648 


C Series: - 40·C to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
TI_ . 
25°C 
Th'''''' 
Charec'."istlc 
Symbol 
Vde 
Min 
M•• 
Mi" 
Typ# 
M•• 
Min 
Mo. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
0 
0.05 
0.05 
Vde 


Vin 
= VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


·'1" 
Level 
VOH 
5.0 
•. 95 
- 
•. 95 
5.0 
- 
•. 95 
- 
Vde 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
1•. 95 
- 
1•. 95 
15 
- 
1•. 95 
- 


Input Vott,.ge 
"0" Level 
VIL 
Vdc 
1VO 
•. 50,0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
•. 50 
3.0 
- 
3.0 


1VO' 
135 or 1.5 Vdcl 
15 
- 
•. 0 
- 
6.75 
•. 0 
- 
•. 0 


"1" 
Level 
VIH 
(VO - 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
_. 
35 
- 
Vdc 
IVO 
1.00,9.0 
Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO" 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
Device) 
IOH 
mAde 


IVOH 
= 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2 .• 
-'.2 
- 
-1.7 
- 
IVOH 
= •. 6 Vdc) 
5.0 
-0.6. 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-'.2 
- 
-3.4 
-8.8 
- 
-2.4 
.- 


1VOL = 0 .• Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
051 
0.88 
- 
0.36 
- 
mAde 
IVOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
88 
- 
2.• 
- 


Output 
Drive 
Current 
ICLlCP 
DeVice) 
IOH 
mAde 
1VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdcl 
10 
-1.1 
- 
-1.1 
-2.25 
- 
-0.9 
.- 


(VOH 
= 13.5 Vdcl 
15 
-3:6 
.. 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0 .• Vdcl 
Smk 
IOL 
5.0 
0.52 
- 
0 .•• 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
13 
1.1 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2. 
- 


InpUt 
Current 
tAL 
DeytCe) 
lin 
15 
- 
,01 
- 
'0ססoo1 
,01 
- 
! 1.0 
".Adc 


Input 
Current 
(CLlCP 
DeVice) 
I,n 
15 
- 
,03 
- 
'0.00001 
'0.3 
- 
, 1.0 
".Adc 


Input 
Capacitance 
Con 
- 
- 
- 
- 
50 
12.0 
- 
- 
pF 
(V,n" 01 


QUiescent 
Current 
tAL 
Devlcel 
100 
50 
- 
5.0 
- 
0.005 
50 
- 
150 
J,lAdc 


(Pe' 
Package) 
10 
- 
'0 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.Q15 
20 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
".Adc 
(Per Package) 
10 
- 
.0 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT· 
10.95 ••A/kHz) , + 100 
".Adc 
(DynamiC 
plus 
QUiescent. 
10 
IT· 
11.9 ••AlkHzl , + 100 


Per Package) 
15 
IT· 
(2.91'A/kHzl 
, + 100 


(CL 
"'-SO pF 
on all OUlputs, 
all 


buffers 
sWllchmg. 


This device contains 
protection 
circuitry 
to guard against 
damage 
due to high static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be 
taken 
to 
avoid 
applications 
of any 
voltage 
higher 
than 
maximum 
rated 
voltages. 
to this 
high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the 
,ange VSS •• (Vin or Vout) 
•• VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g .. either 
VSS or VOO)' Unused outputs 
must be left open. 
• 


• 


INPUTS 
OUTPUTS 


OPERATING 
(Anei: 
11 
(@I tn + 1) 


MODE 
51 
SO 
DSR 
DSL 
DpO·3 
00 
01 
02 
03 


Hold 
0 
0 
X 
X 
X 
00 
01 
02 
03 


1 
0 
X 
.0 
X 
01 
02 
03 
0 
Shift 
Left 
0 
X 
1 
X 
01 
02 
03 
1 
1 


0 
1 
0 
X 
X 
0 
00 
01 
02 
Shift 
Right 
0 
1 
1 
X 
X 
1 
00 
01 
02 


1 
1 
X 
X 
0 
0 
0 
0 
0 
Perellel 
1 
1 
X 
X 
1 
1 
1 
1 
1 


VDD 
Chor_iotic 
Symbol 
Vde 
Min 
Typ# 
M•• 
Unit 


Output 
Rise and Fall Time 
tTLH,1THL 
n. 
tTLH, 
tTHL 
- (1.35 n./pF) 
CL + n ns 
5.0 
- 
100 
200 
'TLH, 
'THL 
- (0.6 ns/pF) CL + 20 n. 
10 
- 
50 
100 
tTLH, 
tTHL 
• (0.4 no/pF) CL + 20 ns 
15 
- 
40 
80 


Propeg8tion Del-V Time 
tPLH,tPHL 
n. 
Clock to a 
tPLH,tpHL 
= (0.9 n./pF) 
CL + 230 ns 
5.0 
- 
275 
550 
tPLH,tPHL 
= (0.36 nslpF) CL + 92 ns 
10 
- 
110 
220 
tPLH,tPHL 
= 10.26 ns/pF) CL + 72 no 
15 
- 
85 
170 
R.-ttoO 
tPHL 
ns 
tPHL' 
10.9 ns/pF) CL + 305 ns 
5.0 
- 
350 
700 
tPHL - 10.36 nslpF) CL + 122 ns 
10 
- 
140 
280 
tPHL = (0.26 nslpF) CL + 97 no 
15 
- 
110 
220 


Clock Pul•• Width 
twH 
5.0 
280 
140 
- 
ns 
10 
110 
55 
- 


15 
85 
40 
- 


Reset Pulse Width 
twH 
5.0 
180 
90 
- 
n. 
10 
70 
35 
- 
15 
50 
26 


Clock Pulse Frequency 
lei 
5.0 
- 
3,6 
1.8 
MHz 
(Shilt 
Right or Loft Modo) 
10 
- 
9.0 
4,5 


15 
12 
6,0 


Clock Pul•• Ri •• and Fall Time 
tTLH,1THL 
5.0 
- 
- 
15 
jl' 
10 
- 
- 
5 


15 
- 
- 
4 


Sotup Time 
'su 
n. 
Date to Clock 
5.0 
10 
-8.0 
- 


10 
20 
0 
- 


15 
40 
9.0 
- 


Mode Control 
(5) 10 Clock 
5.0 
200 
100 
- 
ns 
10 
75 
36 
- 


15 
55 
27 
- 


Hold Time 
lh 
ns 
Deto to Clock 
5.0 
180 
90 
- 
10 
50 
25 
- 
15 
35 
10 
- 
Modo Conlrol 
(SI to Clock 
5.0 
0 
-<40 
- 
no 
10 
0 
-27 
- 
15 
0 
-20 
- 
AOiitR......",..T_ 
trom 
5.0 
300 
150 
- 
nl 
10 
110 
55 
- 
15 
80 
40 
- 


P.,.II •• LOlid 
Voo 


16 


3 
15 
opO 
00 
4 
CLI 
oP1 


oP2 
14 
6 
01 


11 
oP3 
CLI: 
Clock 


o5A 
13 
02 
o5L 
CLI 
9 
50 
10 
12 
51_ 
03 
A 
CLI: 


V55 


S.;'I 
LCMd 
Voo 


16 


00 
15 
opO 


oPl 
CL ;r; 
op2 
'4 
01 
oP3 


CL I: 
11 


Clock 


o5A 
13 
02 
o5L 


CL I: 
9 
50 
10 
12 
03 


CL I: 


op~on~20n, 
05R 
90% 


OSL 
SO"'_ 
\0% 
---------------- 


th 
th 


ISU 
tsu 


90% 
SO% 
10% 


tTLH 


Voo 


16 


00 
15 
opO 


oP1 


op2 
01 
14 


oP3 


Clock 


o5A 
13 
02 
o5L 


50 


51 
03 
12 


R 


8 
Vss 
\~-V 
OL • 


• 
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The MCl4415 
quad timer/driver 
is constructed with 
comple· 


mentary MOS enr 'ncement mode devices. The output pulse width 
of each digital tin er is a function 
of the input clock frequency. 


Once the proper in,.ut sequenceis detected the output buffer is set 
(turned onl. 
and after 
100 clock pulses are counted, the output 
buffer is reset (turned off). 


The MCl4415 
was designed specifically for application in hiltl 
speed line printers to provide the critical 
timing of the hammer 
drivers, but may be used in many applications requiring precision 
pulse widths. 


• 
Four Precision Digital Time Delays 


• 
Schmitt Trigger Clock Conditioning 


• 
NPN Bipolar Output Drivers 


• 
Timing DisableCapability Using Inhibit Output 


• 
Positive or-Negative EdgeStrobing on the Inputs 


• 
Synchronous Polynomial Counters Used for Delay Counting 


• 
Power Supply Operating Range 
3.0 Vdc to lB Vdc (MC14415EFL/FL/FP) 
3.0 Vdc to 6.0 Vdc (MCl4415EVLNLNP) 


Symbol 
P.remeter 
Velue 
Unit 


VOO 
DC 
Supply 
Voltage 
- MC14415EFLIFlIFP 
- 0.5 to + 18.0 
V 


MC'4415EVLIVLIVP 
-0.5 
to +6.0 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO + 0.5 
V 


lin 
Input 
Current 
(DC 
or Transient), 
per 
Pin 
""0 
mA 


lout 
Output Current (DC or Transient), per Pin 
",20 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature (S·Second Soldering) 
260 
·C 


*Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
-12mW/oC 
from 65°C to 85°C 
Ceramic "L" Package: -12mWrC 
from 100°C to 125°C 


Set A 3 


Set B 4 


Set C 5 
Set 0 
6 


14 Output A 


13 Output B 


12 Output C 


11 Output 0 


DlvKJ.By- 
100 
Counter. 


Strobe 2 
9 


~7 


Input Diuble 
10 


Output Set 
2 


Clock 


Conditioning 
Circuit 


Clock 


Output 
Inhibit 
15 


QUAD 
PRECISION 
TIMER/DRIVER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


Operating Range: - 55°C to + 125°C 
MC14415EFL (3 to 18 V, Ceramic Package) 
MC14415EVL (3 to 6 V, Ceramic Package) 


Operating Range: ~ 40°C to + 85 


DC 
MC14415FL (3 to 18 V. Ceramic Package) 
MC14415FP (3 to 18 V. Plastic Package) 
MC14415VL (3 to 6 V. Ceramic Package) 
MC14415VP (3 to 6 V. Plastic Package) 


Voo 
Tiow. 
;l5OC 
Th'''''' 
Clw'acteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ# 
M•• 
Min 
M •• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
O.ol 
- 
0 
0.01 
- 
0.05 
Vdc 


(No Load) 
10 
- 
0.01 
- 
0 
O.ol 
- 
0.05 
15 
- 
- 
- 
- 
- 
- 
- 


"1" 
level 
VOH 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 
Vdc 
10 
- 
- 
8.0 
9.09 
- 
- 
- 


15 
- 
- 
- 
14.12 
- 
- 
- 


Noise Immunity 
VNL 
Vdc 


(~Vou," 
1.5 Vdcl 
5.0 
1.5 
- 
1.5 
2.25 
- 
1.4 
- 


(.oVout.lii; 
3.0 Vdd 
10 
3.0 
- 
3.0 
4.50 
- 
2.9 
- 


(oVou, " 4.5 Vdcl 
15 
- 
- 
- 
6.75 
- 
- 
- 


(6Vout 
<: 1.5 Vdd 
VNH 
5.0 
1.4 
- 
1.5 
2.25 
- 
1.5 
- 
Vdc 


(oVou, 
" 3.0 Vdcl 
10 
2.9 
- 
3.0 
4.50 
- 
3.0 
- 


(.oVout:C;;; 4.5 
VdcJ 
15 
- 
- 
- 
6.75 
- 
- 
- 


Output Drive Voltage (NPN Driver) 
VOH 
Vdc 


1I0H = OmA) 
Source 
5.0 
- 
- 
3.0 
4.14 
- 
- 
- 
(IOH = 5.0 mAl 
- 
- 
2.7 
3.44 
- 
- 
- 


(tOH = 10mA 
- 
- 
2.5 
3.30 
- 
- 
- 


ClOH' 
15 mAl 
- 
- 
2.2 
3.06 
- 
- 
- 


1I0H = OmAI 
10 
- 
- 
8.0 
9.09 
- 
- 
- 
Vdc 


1I0H = 5.0mAI 
- 
- 
7.7 
8.45 
- 
- 
- 


00H 
= 10mAI 
- 
- 
7.5 
8.30 
- 
- 
- 


00H 
= 15 mAl 
- 
- 
7.1 
8.14 
- 
- 
- 


1I0H = OmA) 
15 
- 
- 
- 
14.12 
- 
- 
- 
Vdc 


00H 
= 5.0mA) 
- 
- 
- 
13.81 
- 
- 
- 


00H 
= 10mAI 
- 
- 
- 
q.70 
- 
- 
- 


00H 
= 15mA) 
- 
- 
- 
13.61 
- 
- 
- 


Output 
Drive Current 
IOL 
mAde 


(VOL 
= 0.4 Vdcl 
Sink 
5.0 
0.23 
- 
0.20 
0.78 
- 
0.16 
- 
(VOL = 0.5 Vdcl 
10 
0.60 
- 
0.50 
2.0 
- 
0.40 
- 


(VOL 
= 1.5 Vdcl 
15 
- 
- 
- 
7.8 
- 
- 
- 


Input 
lHkege 
Current 
lin 
15 
- 
=0.3 
- 
=0.00001 
±O.3 
- 
~ 1.0 
~Adc 


I"put Cepacitance 
Cin 
- 
- 
- 
- 
5.0 
- 
- 
- 
pF 
(V;", 
01 


Quiescent Dissipation 
Po 
mW 


5.0 
- 
0.25 
- 
0.00005 
0.25 
- 
3.5 


10 
- 
1.0 
- 
0.00022 
1.0 
- 
14 
15 
- 
- 
- 
0.00050 
- 
- 
- 


Power Dissipation·· 
Po 
mW 
(Dyn.-nic 
plus Quiescent) 


(CL• 
15 pF) 
5.0 
Po = (56 mW/MHz) I • Po 
10 
Po = (225 mW/MHzl 
I • Po 
15 
Po = (510mW/MHzl 
I + Po 


°Tlow= 
-55°C lor MCI4415EFL. 
EVL;-4O"C 
IOf MCI4415FL.FP.VL.VP 
Th;gh= +125oC for MCI4415EFL.EVL; 
+850C for MCI4415FL.FP.VL.VP 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static 
YOItages or electric 
fields. 
However, 
precautions 
must be taken 
to avoid applications 
of any voltage 
higher 
than maximum 
rated voltages to this high·impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS ~ (Vin or Vout) 
:=5< VOO. 


Unused inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g .. either 
VSS or VOO)' 


Unused outputs must be left open. 
•• 


• 


CharKterliltic 
Symbol 
VOO 
Mtn 
Typ# - 


Unh 
Vdc 


Output Ri,e Time 
'TLH 
nl 


'TLH 
- 12.0 nl/pF 
J CL • 10 nl 
5.0 
- 
40 
85 


'TLH' 
11.25 nl/pFI 
CL .6 
no 
10 
- 
25 
80 


'TLH' 
11.10 nl/pFJ 
CL + 3 ns 
15 
- 
20 
- 


Output Fell Time 
'THL 
no 


'THL' 
11.5 ns/pFI 
CL • 47 ns 
5.0 
- 
70 
150 


'THL 
- 10.75 ns/pF) 
CL + 24 ns 
10 
- 
35 
80 


'THL' 
fO.55 ns/pFI 
CL • 17 ns 
15 
- 
25 
- 


Turn-Off 
Delay Time 
'PLH 
nl 


'PLH 
- f2.7 ns/pF I CL • 580 ns 
5.0 
- 
600 
1200 


'PHL 
- 11.2 ns/pF I CL • 282 ns 
10 
- 
300 
600 


'PLH' 
10.91 ns/pFI 
CL • 286 ns 
15 
- 
150 
- 


Turn-On Delay Time 
'PHL 
no 


'PHL· 
12.4 no/pFI 
CL + 5604ns 
5.0 
- 
600 
1200 


'PHL· 
11.0 ns/pFI 
CL • 285 ns 
10 
- 
300 
600 


'PHL 
- fO.75 ns/pFI 
CL • 289 ns 
15 
- 
150 
- 


Turn-on 
Ooloy Time fTnhlbi •• o OutpUll 
'PHL 
ns 
5.0 
- 
300 
550 
10 
- 
225 
425 
15 
- 
110 
- 


Turn-Off 
Ooloy Timo lTiiIiI6r•• o Ou.pu.1 
'PLH 
nl 
5.0 
- 
300 
650 
10 
- 
225 
425 
15 
- 
110 
- 


Input Pulse Coincidence 
(Figure 3. 
pernin 
nl 
5.0 
500 
450 
- 
10 
450 
350 
- 
15 
- 
- 
- 


InpUt Pul•• Width (Figure 1) 
twH 
n. 
5.0 
500 
450 
- 
10 
450 
350 
- 
15 
- 
- 
- 


InpUt Clock Frequency 
'el 
MHz 
5.0 
- 
0.7 
- 
10 
- 
1.0 
- 
15 
- 
1.6 
- 


Clock Input Ri•• end F.II Times (Figure U 
'TLH.'THL 
6.0 
15 
,,, 


10 
- 
- 
5.0 
15 
- 
- 
4.0 


'WH 
=iL% 
10% 


tTLH 


outPUts.t~CI" 
Output Inhlut 


Clock 
~, 
100.~ 
_ 


Output 
A 
50% 
~ 


tpLH 
tPHL 


Input 
Diseble -.J 


Strobe 
2 IL.- 
_ 


Strobe 11L.- 
_ 


Output 
Inhibit 


Clock 


Strobe 
1 ~inimum 
Coincidence 
:: 


Set 
A 
500 
ns" 
VOO 
•. 4.75 
Vdc 


LOGIC 
DIAGRAM 


C2 
Divide·Bv·l00 
Cl 
Svnchronoul 
Eneble Count.r 
VOO 


Sot •• 3 


,. 
Output A 
C2 
Divide-By·l00 
C1 
Synchronous 
COun_, 
En.ble 


S.t 8 •• 
VOO 


13 
OutPut 
8 


C2 
Divide·BV·l00 
3: 


0> 
Cl 
Synchronous 
0 
II\) 
Counter 
..•. 
...•. 
e,..ble 
••• 


<Xl 
SotC 
5 
VOO 
•••..•. 
c.n 


12 OutPut C 
C2 
Divide·BV·100 
Cl 
Synchronous 
Count.r 
En.ble 


Set 0 
& 
VOO 


~2 
11 Output 0 


Strobe 2 9 


~ 
7 


Input 
Diteble 
10 


Clock 
1 
15 


OutPut Inhibit 


II 


The MC14460 device is designed to measure vehicle speed and 
provide pulse-width 
modulated 
outputs to trim a throttle 
position- 


ing servo to maintain an internally stored reference speed. 
The stored reference speed can be altered by the DECEL and 
ACCEL driver commands_ 
The DECEL command trims down the 
speed, while ACCEL trims up the speed_ 
A 
BRAKE 
input 
is provided 
to turn 
off 
the outputs 
with 
a 
RESUME driver command to return the vehicle to the last stored 
speed_ 


• 
On-Chip Master Oscillator for System Time Reference 


• 
Separate On-Chip Pulse Oscillator for Output Pulse Width 
Adjustment 
(Analogous to System Gain) 


• 
Diode Protection on All Inputs 


• 
Internal Redundant Brake and Minimum Speed Checks 


• 
Acceleration Rates Controlled 
During ACCEL and RESUME 
Modes of Operation 


• 
Low Frequency Speed Sensors Used 


• 
No Throttle 
Position Feedback Required 


• 
Power-On Reset 


• 
Buffered Outputs Compatible with Discrete Transistor 
Driver Interface 


• 
Low Power Dissipation 


• 
Operating Temperature Range: - 40' to + 85'C 


Voo - Pin 
16 


Vss 
- PIn 8 


CMOS LSI 
(LOW-POWER COMPLEMENTARY 
MOS) 


AUTOMOTIVE 
SPEED 
CONTROL 
PROCESSOR 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken 
to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
'Iliit 
(Vin 
or 
Vout) '" VOO- 
Unused 
inputs must always 
be tied to an ap- 
propriate 
logic voltage 
level (e.g., 
either 
VSS 
or VOO)- Unused outputs must be left open. 


•• 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to +6.0 
V 


Vin, Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VDO + 0.5 
V 


lin. lout 
Input or Output Current (DC or Transient). per Pin 
",10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tsta 
Storage Temperature 
-65 
to + 150 
"C 


TL 
lead 
Temperature (a-Second Soldering) 
260 
"C 


Voo 
Characteristic 
Symbol 
Vdc 
Min 
Typ" 
Mix 
Unit 


Supply Voltage 
VOO 
- 
4.0 
5.0 
6.0 
Vdc 
Pin 16 


Output 
Voltage 
VOL 
5.0 
- 
- 
0.5 
Vdc 
Pins 1,2,5,6,14,15 
VOH 
5.0 
4.5 
- 
- 
Vdc 


Input Voltage 
VIL 
- 
- 
- 
0.3 VOO 
Vdc 
Pins 3, 7,9,10,11,12,13 
VIH 
- 
0.7 VOO 
- 
- 
Vdc 


Pin 4 
VIL 
- 
VOO 
-1.5 
- 
- 
Vdc 
2 


VIH 
- 
- 
- 
VOO 
+15 
Vde 
2 
. 


Input 
Hysteresis 
HYS 
- 
0.4 
- 
- 
Vdc 
Pin 4 


(VIH 
- VIL) 


Output 
Drive Current 
Pins 1, 2, 5, 6 
VOHz 
4.6 Vdc 
IOH 
5.0 
-0.29 
- 
- 
mAde 


VOL - 0.4 Vde 
IOL 
5.0 
+0.36 
- 
- 
mAde 
Pins 14, 15 
VOH - 2.5 Vde 
IOH 
5.0 
-2.0 
- 
- 
mAde 


Input Current 
Pins 3, 4, 7, 10,11,12, 
13 


VIL 
- 0.0 Vdc 
IlL 
6.0 
- 
- 
-1.0 
"Ade 


VOH' 
6.0 Vdc 
IIH 
6.0 
- 
- 
+1.0 
J,l.Ade 


Pin 9 


VIL 
- 0.0 Vdc 
IlL 
6.0 
15 
- 
200 
"Ade 
VIH· 
6.0 Vdc 
IIH 
6.0 
- 
- 
+1.0 
"Ade 
Supply Current 
100 
6.0 
- 
1.0 
10 
mAde 
Pin 16 
(Both Oscilletors Active. 
VAC end 
VENT Outputs 
High) 


Internal 
1-: 
--~mpl 
~tPr~~ 


SP_~ 
I 
I 
samPI~ 
Gate 
' 


tout~ 


Frequency 
of 


Otclliation 
•• 


M ••• ured at 


PIn 1 (6) Is: 


1_--1- 
2.43RC 


R In ktl 


C In~F 


RS 
- 
2R 
f· 
kHz 


ClIo_ •••••• 
Symbol 
Mln 
Typ 
Mo. 
Unit 


ACCEL 
Input 
Hold Time 
tACC 
16/fM 
9.62' 
- 
m. 


DECEL 
Input Hold Time 
tDEC 
16/fM 
9.52' 
- 
m. 


RESUME 
Input Hold Time 
tRES 
1 
- 
- 
jU 


BRAKE 
Input 
Hold Time 
tBRK 
1 
- 
- 
jU 


Master Oscillator Frequency (Figure 2) 


T A • -40°C 
to +850C, RS = 100 krl 
R - 43 krl, C • 5600 pF 
fM 
1596 
1680 
1764 
Hz 


Useful 
Range 
1344 
1680 
2016 
Hz 


Pulse Oscillator Frequency (Figure 2) 


T A • -40°C 
to +850C, RS' 
100 krl 
R - 43 krl, C • 5600 pF 
fp 
1596 
1680 
1764 
Hz 


Useful 
Range 
400 
1600 
3200 
Hz 


Speed Input 
Frequencv 
fS 
- 
- 
300 
Hz 


Speed Sample Time (1008/fM) 
t1mpl 
- 
600' 
- 
m. 


Speed Proces.ing Time 06/fMI 
tproc 
- 
8.9' 
- 
m. 


System Cycle Time (1024/fM) 
'eye 
- 
608.9' 
- 
m. 


Output 
DeilY Time (9/fM) 
tout 
5.4- 
m. 


Output 
Pulse 
Width 
Initializations ("l/fp) 
PWI 
280' 
- 
760' 
m. 


Trim 
Outputs 
(-1/fpl 
PWT 
10' 
- 
80' 
m. 


Ch.rKt.rilttc 
Symbol 
Typieel 
Unit 


Speed Resolution 
(fM/2016 
fSI 
SRES 
0.375 
MPH 


Minimum 
Opereting Speed (fM/31.5 
fS) 
Smin 
24 
MPH 


Meximum 
Stored Speed (fM/8.4 
fS) 
Sma x 
90 
MPH 


Controlled 
Acceleration 
Rate 
A 
1.85 
MPH/. 


(ACCEL or RESUME Modesl 
(fM)2/fS 
(6.881) 
(05) 


Redundant 
Brake 
Speed 
Orop 
Below 
Stored 
Reference 
Speed 
SRB 
-12 
MPH 


(-fM/63 
fS) 


Speed 
Deviation 
Assumes Suitable Mechanical Hookup end 
Pulse 
Oscillator 
Frequency 
Adjusted 
to Suit 
Throttle 
Servo 
Requirements 


Level Road (no wind. 
t 1% gradesI 
~SN 
±2 
MPH 


Transient Road Conditions 
(r 10 MPH winds, 
1: 1% grades) 
~ST 
±3 
MPH 


Stored 
Speed 
Accuracy 
Steady-State 
(Acceleration 
E 01 
RSSS 
0.375 
MPH 


Transient 
(Acceleration'" 
1A MPH/sl 
RST 
0.6 A 
MPH 


OUTPUT 
VAC 
VENT 
SERVO 
DRIVE 
0 
0 
Oecre•• 
Speed 
0 
1 
Hold SpHd 


1 
0 
Iny.lid Output 


1 
1 
Incr••• 
Speed 
• 


• 


FIGURE 3- 
COMMAND 
FLOW DIAGRAM 


·Con.tant 
accel.ration 


maintelned 
during 


ACCEL 
or 
RESUME 


Nota: 
Decal 
command 
at any 
time wh.n ••.•.•r 
the outputs .t. 
enabled will nUN 
lump to Co•• t. 
(Except 
during 


Brake 
or 
Power· 


On 
R ••• t.) 


Note: 
Brake 
input 
at any 
time 
will 
cau •• 
jump 
to Oi•• ngage. 


Note: 
POR input 


u any tima will 
cau •• jump 
to 
Initialize. 


DECEL 
V+ 
~ 
Coli 
DECEL 
COM 
~ 
VAC 
:; 
Coil 
ACCEL 
'gii) 
:I ~ 
VENT 
.., ~ 
Coli 
~~ 
•• 
0> 


RESUME 
c8~ 


U.. 


+Sen.or 


BRAKE 
-Sen.or 


GND 


-= 


PULSE OSCILLATOR (P01, P02, P03; Pin. 1, 2, 3) 


These pins are the output 
pins of the output 
Pulse 
Oscillator. which is a three-terminal 
RC type. 
See Figure 
2 for design parameters. 
This oscillator sets the relative 
pulse width of the VAC and VENT outputs. 


SPEED (SPO, Pin 4) 


This is the Speed input to be controlled 
or stored. 


This input is level sensitive with hysteresis to allow use of 
slowly changing waveforms. Input frequency should never 
exceed 1/3 the Master Oscillator frequency (fM). 


MASTER OSCILLATOR (MOl. M02. M03; Pins 5, 6, 71 


The Master Oscillator is a three-terminal RC type. See 
Figure 2 for design parameters. 
This oscillator sets the 
master system timing. 


POWER-QN RESET (POR. Pin 9) 


This pin is the Power-On Reset input. 
As long as this 


input is LOW. the internal system is cleared and the VAC 
and VENT outputs 
are disabled. 
An internal pullup de- 
vice will source 15-200 
/lAde of current from this pin to 


allow capacitor 
charging for automatic 
power-on reset. 


} 
To Other Vehlc'e Sv"em. 


Br.k. 
Light 
Switch 


/ Br.k. 
Lights 
, 


DECEL (DEC, Pin 10) 


This is the DECEL command input. 
When held HIGH 
both VAC and VENT outputs 
will be LOW. When the 
DECEL input returns LOW the last sample of the sPD 
input will be stored as the reference speed. The flow dia- 
gram in Figure 3 gives the detailed constraints/operation 
of this input. 


ACCEL (ACC, Pin 111 


This is the ACCEL command input. 
When held HIGH 
the VAC and VENT outputs will be modulated to main- 
tain a fixed rate of acceleration. 
When the ACCEL input 
returns 
LOW the last sample of the SPD input will be 
stored as the reference speed. The flow diagram in Figure 
3 gives the detailed constraints/operation 
of this input. 


continued 


VAC 
VENT 
Throttl. 
Call 
Call 
Action 
Off 
Olf 
A.l •••• 
Off 
On 
Hold 
On 
Off 
We.k Pull 
On 
On 
Pull 


Minimum Pul•• Width: 
Throttl. 
Tr.v.l: 


Throttl. 
Respon •• : 


Sm. 
50~Oo 
full 
trevel 


.5°/. 
"ull. 
12" VAC 
30°/. 
Pull. 
7" VAC 
30°/. 
fIIel••• 


I VAC 
Coli 


I VENT Coli 


Servo 
c:onnect.cl 
to the 
Throttle 
by Bell 
Cheln 


\ 
SPEED SENSOR 


S/revolutlon 


2.222 
Hz/MPH 


(SOOOpul-.Jmlle) 
> 3.0 
Vp·p 
.24 MPH 
380 
Hz (112 
MPH) 


<400 


Output Voltege: 
Mexlmum Freq: 
DC R•• l.tence: 


• 


RESUME IRES, Pin 121 


This is the 
RESUME 
command 
input. 
When taken 
HIGH 
the system will 
lock into a mode where the VAC 
and VENT outputs are modulated to maintain a fixed rate 
acceleration. 
This acceleration ends when the SPD input 
sampla matches the stored reference speed. The flow dia- 
gram in Figure 3 gives the detailed constrainu/operation 
of this input. 


BRAKE 
IBRK, Pin 131 


This is the BRAKE command input. 
When this input is 
taken HIGH the system is disabled (both VAC and VENT 
outpuU 
LOW) until a DECEL. ACCEL. or RESUME com- 


mand is received. 
The flow diagram in Figure 3 gives the 
detailed constrainu/operation 
of this input. 


VENT 
IPin 141 


This 
is 
the 
VENT 
output. 
See Truth 
Table 
for 
operation. 


VAC (Pin 15) 


This is the VAC output. 
See Truth Table for operation. 


GROUND 
IVSS' Pin 81 


Pin 8 is the ground connection 
for the package. 


POSITIVE 
POWER SUPPLY IVDD, 
Pin 161 


Pin 16 is the power supply connection 
for the package. 


16 
15 


4 
VDD 
VAC 
'4 
SPD 
VENT 


100 
k 


13 
M03 


BRK 
6 
5100.5% 


M02 


10 
MC'"60 
5 
.••3 k, ,% 


DEC 
MO' 


3 
100 
k 


11 
P03 


ACC 
2 
5100.5% 


P02 


12 
43 
k, ,,, 


RES 
POI 
VSS 
POR 


8 
9 


Ambient 
Temperature 
(T A) 
. 


V+ Operating 
Renge 
V + Transients 
. 


Load 
Dump 


_.oCe to 8SoC 


11-15 
Vdc 


9-16 
Vdc 


80 
V P•• k decaying 
to 


12 V In < 200 
ms 


t 300 
V P•• k decaving 


in < 1 m. 


+24 Vdc for 
5 min. 


-12 
Vdc continuous 


@ MOTOROLA 


The MCl4490 IS constructed with complementary MOS enhance- 


ment 
mode 
devices, 
and 
IS used 
for the elimination 
of extraneous 
level 
changes that result when interfacing with mechanical contacts 
The 


digital 
contact 
bounce 
ellmmator 
CirCUit takes 
an 
Input 
Signal 
from 
a 
bounCing contact and generates a clean digital Signalfour clock periods 
after the Input has stabilIZed. The bounce eliminator CIrCUitwill remove 
bounce on both the "make" and the "break" of a contact closure The 
clock for operation of the MCl4490 IS derived from an Internal R-C 
oscillator which reqUires only an external capaCItor to adjust for the 
deSired operating frequency (bounce delay) 
The clock may also be 
driven from an external clock source or the oscillator of another 
MCl4490 (see Figure 51 


• 
Diode Protection on All Inputs 


• 
SIX Debouncers Per Package 


• 
Internal Pullups on All Data Inputs 


• 
Can Be Used as a Digital Integrator, System SynchronIZer, or Delay 


Line 


• 
Internal Oscillator (R-C), or External Clock Source 


• 
TTL Compatible Data Inputs/Outputs 


• 
Single Line Input, Debounces Both "Make" and "Break" 
Contacts 


• 
Does Not ReqUire"Form C" (Single Pole Double Throwl Input 
Signal 


• 
Cascadable for Longer Time Delays 


• 
Schmitt Trigger on Clock Input (Pin 71 


• 
Supply Voltage Range= 3.0 V to 18 V 


• 
Chip CompleXity 546 FETs or 1365 EqUivalent Gates 


CMOS LSI 
(LOW-POWER 
COMPLEMENTARY 
MOS) 


HEX CONTACT 
BOUNCE 
ELIMINATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


CERAMIC PACKAGE: MC,"90L 
( - SS·C to + ,2S·C) 


PLASTIC PACKAGE: MC, •• 90P 


( - 'O·C 
to BS·C) 


BLOCK 
DIAGRAM 


tVOD 


A1n 
1 


Voa 
- 
Pin 
16 II 


OSC1n 
VSS'" 
Pm 8 


OSCout 


<1>1+ 
<1>2 + 


B,n 
" 


Identical 
to Above 
Stage 
~ 


2 
Bout 


---1 


0' t 
<1>2t 


C,n 
IdentIcal 
to Above 
Stage 
~ 
13 
Cout 


---1 


4>1 t 
<1>2 + 
~ 
D,n 
'2 
IdentIcal 
to Above 
Stage 
• 
oout 


---j 


<I>'t 
<1>2 + 
~ 
Eon 
Iden tIcal to Above 
Stage 
11 
Eout 


---1 


<I>'t 
<1>2t 


F ,n 
'0 
IdentIcal 
to Above 
Stage 
r-- 6 
F out 


• 


PIN ASSIGNMENT 


A,n 
16 
VDD 


Bout 
15 
Aout 


Cm 
14 
B,n 


Dout 
13 
Cout 


Em 
12 
D,n 


Foul 
11 
Eou1 


OSCtn 
10 
fm 


VSS 
OSCout 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOD 
+ 0.5 
V 


lin 
Input 
Current 
(DC 
or Transient). 
per' Pin 
",10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tata 
Storage Temperature 
-65 to + 150 
"C 


TL 
Lead Temperature 
(a-Second 
Soldering) 
260 
"C 


·Maximum 
Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic "p" 
Package: 
-12mWI"C 
from 65°C 10 85°C 
Ceramic "l" 
Package: -12mWI"C 
from IOOoe to 125°C 


Voo 
Tlow " 
25"C 
Thigh" 
Characteristic 
Symbol 
Unit 
Vdc 
Min 
Max 
Min 
TYPI'" 
Max 
Min 
Max 


Output 
Voltage 
"0" 
Level 
VOL 
50 
- 
005 
- 
0 
005 
- 
005 
V 
v1n = vao 
or 0 
10 
- 
005 
- 
0 
005 
- 
005 


15 
- 
005 
- 
0 
005 
- 
005 


1" Lb'el 
VOH 
50 
495 
- 
495 
50 
- 
495 
- 
V 


V1n=Q 
or 
VOO 
10 
995 
- 
995 
10 
- 
995 
- 
15 
1495 
- 
1495 
'5 
- 
1495 
- 


Input 
Voltage 
0" Level 
VIL 
V 


1VO = 450,05 
VI 
50 
- 
15 
- 
225 
I , 
- 
15 
1VO=900,IOVI 
10 
- 
30 
- 
450 
30 
- 
30 


IVO=1350,'5vl 
15 
- 
40 
- 
675 
40 
- 
40 


". 
Level 
VIH 
V 
IVO=050' 
4 5 VI 
50 
35 
- 
35 
2 75 
- 
35 
- 


IVO = I 00,90 
VI 
10 
70 
- 
70 
5 ~:..-' - 
70 
- 


IVO = I 50' 
135 
VI 
15 
110 
- 
110 
825 
- 
II 
(j 
- 


Output 
Drive 
Current 
'OH 
rllA 


Source 


Oscillator 
Output 


IVOH = 2 5 VI 
50 
06 
- 
05 
15 
- 
04 
- 


1VOH = 46 
VI 
50 
- 0 12 - 
01 
03 
- 
- 0 08 - 


1VOH = 95 
VI 
10 
- 023 
- 
- 0 20 
-08 
- 
- 016 
- 


1VOH=135VI 
15 
-14 
- 
I 2 
-30 
- 
10 - 


Debounce OutputS 


IVOH = 25 
VI 
50 
-09 
- 
075 
- 2 2 
- 
06 
- 


IVOH=46VI 
50 
- 0 IS - 
016 
- 0 4< - 
o 12 - 


IVOH=95VI 
10 
- 0 6C - 
- 050 
- I 2 - 
- 0 4 
- 


IVOH= 
13 5 VI 
15 
- I 8 
- 
- I 5 
-45 
- 
- I 2 
- 


Sink 
IOL 
n,A 


Oscillator 
Output 


1VOL=04 
VI 
50 
036 
- 
030 
09 
- 
024 
- 


1VOL=0 
5 VI 
10 
09 
- 
075 
23 
- 
06 
- 


1VOL = I 5 VI 
15 
42 
- 
35 
10 
- 
28 
- 


Debounce 
Outputs 


IVOL=04 
VI 
50 
26 
- 
22 
40 
- 
18 
- 


IVOL=05 
VI 
10 
40 
- 
33 
9 
- 
2 7 
- 


IVOL= 
15 
VI 
15 
12 
- 
10 
35 
- 
81 
- 


Input Current 
'IH 
15 
2 
02 
2 
11 
Debounce Inputs (V1n:; 
VOOl 
- 
- 
- 
"A 


Input 
Current 
Oscillator 
- 
Pin 7 (V1n - VSS or VOOl 
I,n 
15 
- 
t 620 
- 
t 255 
± 400 
- 
t 250 
"A 


Pullup 
ReSistor 
Source 
Current 
IlL 
50 
210 
375 
140 
190 
255 
70 
130 
"A 


Debounce 
Inputs 
10 
415 
740 
280 
380 
500 
145 
265 


IV," = VSSI 
15 
610 
1100 
415 
570 
750 
215 
400 


Input 
Capacitance 
C,n 
- 
- 
50 
75 
- 
- 
pF 


QUiescent 
Current 
ISS 
50 
- 
150 
- 
40 
100 
- 
90 
"A 
IV,n = VSS 
0' VDD. 
lout:; 0 ~Al 
10 
- 
280 
- 
90 
225 
- 
180 
15 
- 
840 
- 
225 
650 
- 
550 


·Tlow= 
- 55"C 
for L Device, 
- 40"C 
tor P Device. 


Thigh:E 
+ 125"C torL 
Device, 
+85"C 
tor P Device. 


#Data 
labelled 
"Typ" 
is not to be used tor design 
purposes 
but is 


intended 
as an indication 
of the Ie's potential 
performance. 


Characteristic 
Symbol 
VDD 
Min 
Typ '" 
Max 
Unit 
Vdc 


Output 
R,se Time 
50 
180 
360 
ns 


A.IIOutputS 
ITLH 
10 
90 
180 


15 
65 
130 


Output 
Fall TIme 
ns 


Oscillator Output 
'THL 
50 
100 
200 


10 
- 
50 
100 


15 
- 
40 
80 


Debounce OutpulS 
ITHL 
50 
- 
60 
120 
10 
30 
60 


15 
20 
40 


Propagatton Delay Time 
IPHL 
ns 


Oscillator Input to Debounce Outputs 
50 
- 
285 
570 


10 
- 
120 
240 


15 
- 
95 
190 


IPLH 
50 
- 
370 
740 


10 
- 
160 
320 


15 
120 
240 


Clock Frequency (50% DUlY Cycle) 
fel 
50 
- 
28 
1 4 
MHz 


(External Clockl 
10 
6 
30 
15 
9 
45 


Setup Time (See FIgure 11 
Isu 
50 
100 
50 
ns 


10 
80 
40 
- 


15 
60 
30 
- 


Maximum 
External Clock Input 
tr. tt 
50 
ns 


RIse and Fall Time 
10 
No L,mlt 


Oscillator Input 
15 


OscIllator Frequency 
Note: These equations 
are intended to be a design guide. 
fosc. typ 
50 
15 
Hz 


DSCOU! 
Laboratory experimentation 
may be required. 
Formulas 
Cext (In ~F) 


(ext 
2:: 100 pF· 
are typically 
::!: 15% of actual frequencies. 
45 
10 
(ext 
(In ~Fl 


15 
65 
Cext (In ,6lF) 


*POWER-DOWN 
CONSIDERATIONS 


Large values of Cext may cause problems when powering down the MC 14490because of the amount of energy stored In the capacltQr When 


a system containIng 
thIS device IS powered down 
the capacItor may dIscharge through the Input protection 
diodes at Pin 7 or the paraSitIC 


diodES at PIn 9 
Current through these Internal diodes must be lImited to 10 mA. ther~fore the turn-off 
time of the power supply must nOl bt' 


faster than t = (VDD 
VSSI. 
(ext' 
(10 mAl 
For example. If VDD - VSS = 15 V and (ext = 1~F the power suppl.., must turn off no faster than 


t = (15 VI .( 1#lFI 10 mA = 1 5 ms 
ThiS IS usually not a problem because power supplies are heaVIly filtered and cannot discharge at thiS rate 


When a more rapId decrease of the power supply to zero volts occurs, the MCl4490 may sustain damage 
To aVOIdthiS POSSIbility,USt.:exter 


nal clamping dIodes. Dl and D2. connected as shown In Figure 2 


FIGURE 
1 - 
SWITCHING 
WAVEFORMS 


- 
VDD 


ov 


--i~IPHL 


90% 
50% 
10% 
_ 


If 


~ 


s:j 
-:~D 


50% 
vDD 
UV 


• 


• 


The MCl4490 Hex Contact Bounce Eliminator is basically 
a digital integrator. 
The circuit can integrate both up and 
down. This enables the circuit to eliminate bounce on both 
the leading and trailing edges of the signal, shown In the tim- 
ing diagram of Figure 3. 
Each of the six Bounce Eliminators is composed of a 
4 ~ -bit register (the integrator) and logic to compare the 
input with the contents of the shift register, as shown In 
Figure 4. The shift register requires a series of timing pulses 
in order to shift 
the input signal into each shift register 
location. 
These 
timing 
pulses 
(the 
clock 
signall 
are 
represented in the upper waveform of Figure 3. Each of the 
six Bounce Eliminator circuits 
has an internal resistor as 
shown in Figure 4. A pullup resistor was incorporated rather 
than a pulldown 
resistor in order to implement switched 
ground input signals, such as those coming from relay con- 
tacts and push buttons. By switching ground, rather than a 
power supply lead, system faults (such as shorts to ground 
on the signal input leads) will not cause excessive currents in 
the wiring and contacts. 
Signal lead shorts to ground are 
much more probable than shorts to a power supply lead. 
When the relay contact is open, (see Figure 4) the high 
level is inverted, and the shift register is loaded with a low on 
each negative edge of the clock signal. To understand the 
operation, we assume all bits of the shift register are loaded 
with lows and the output is at a high level. 


At clock edge 1 (Figure 3) the input has gone low and a 
high has been loaded into the first bit or storage location of 
the shift register. Just after the negative edge of clock 1, the 
input signal has bounced back to a high. This causes the 
shift register to be reset to lows In all four bits - 
thus start- 
ing the timing sequence over again. 


During clock edges 3 to 6 the Input Signal has stayed low. 


Thus, a high has been shifted into all four shift register bits 
and, as shown, the output goes low during the positive edge 
of clock pulse 6. 


It should be noted that there ISa 3~ to 4 ~ clock period 
delay between the clean input Signal and output signal. In 
this example there is a delay of 3.B clock periods from the 
beginning of the clean Input signal. 


After some time period of N clock periods, the contact is 
opened and at N + 1 a low is loaded into the first bit. Just 
after N+ 1, when the input bounces low, all bits are set to a 
high. At N + 2 nothing happens because the input and out- 
put are low and all bits of the shift register are high. At time 
N + 3 and thereafter the input signal is a high, clean signal. 
At the positive edge of N+ 6 the output goes high as a result 
of four lows being shifted into the shift register. 


Assuming the Input signal is long enough to be clocked 
through the Bounce Eliminator, the output signal will be no 
longer or shorter than the clean input signal plus or minus 
one clock period. 


The amount of time distortion 
between the input and 
output 
signals is a function 
of the difference in bounce 
characteristics on the edges of the input signal and the clock 
frequency. 
Since most relay contacts have more bounce 
when making as compared to breaking, the overall delay, 
counting bounce period, will be greater on the leading edge 
of the Input signal than on the trailing edge. Thus, the output 
signal will be shorter than the input signal - 
if the leading 
edge bounce is included in the overall timing calculation. 


The only requirement on the clock frequency In order to 
obtain a bounce free output Signal ISthat four clock periods 
do not occur while the Input signal ISIn a false state. Refer- 
ring to Figure 3, a false state ISseen to occur three times at 
the beginning of the input signal. The Input Signal goes low 
three times before it finally settles down to a valid low state 
The first three low pulses are referred to as false states. 


If the user has an available clock signal of the proper fre- 


quency, it may be used by connecting It to the oscillator In- 
put (pin 71. However, if an external clock is not available the 
user can place a small capacitor across the OSCillatorinput 
and output pinS In order to start up an Internal clock source 
(as shown in Figure 4). The clock Signalat the OSCillatorout- 
put pin may then be used to clock other MCl4490 Bounce 
Eliminator packages. With the use of the MCl4490, a large 
number of signals can be cleaned up, with the requirement 
of only one small capacitor external to the Hex Bounce 
Eliminator packages. 


ContactClosed 


IVahd True Signal) 


OscIllator 
and 


Cell 
t 
Two 
Phase 
Clock 
Generator 


The single 
most 
Important 
characteristic 
of the MC 14490 IS 


that 
It works 
wIth 
a Single 
Signal lead as an Input. 
making 
It 


directly 
compatIble 
with 
mechanical 
contacts 
(Form 
A and 


61 


The Circuit 
has a built In pullup 
resistor 
on each 
Input 
The 


worst 
case value 
of the pullup 
reSistor 
ldetermlned 
from 
the 


Electrical 
Characteristics 
table) 
IS used 
to calculate 
the con- 


tact 
wettIng 
current 
If more 
contact 
current 
IS reqUired. 
an 


external 
resistor 
may 
be connected 
between 
VOO 
and 
the In 
put 


Because 
of 
the 
bUilt-In 
pullup 
resistors, 
the 
Inputs 
can- 


not 
be driven 
with 
a single 
standard 
CMOS 
gate when 
VDD 
IS below 
5 V 
At thiS vOltage. 
the Input 
should 
be driven 
with 


paralleled 
standard 
gates 
or 
by 
the 
MCl4049 
or 
MCl4050 


buffers 
The clock 
Input 
CIrCUit Ipln 71 has Schmitt 
trigger 
shaping 


such 
that 
proper 
clocking 
wIll 
occur 
even 
with 
very 
slow 


clock 
edges. 
eliminating 
any 
need 
for 
clock 
preshal'1n9 
In 
addition. 
other 
MCl4490 
oscillator 
Inputs 
can be driven 
from 
a 
Single 
oscillator 
output 
buffered 
by 
an 
MC14050 
Isee 


Figure 
51 Up to SIX MCl4490s 
may be driven 
by a sIn4te buf- 


fer 


The 
MCl4490 
IS TTL 
compatible 
on both 
the 
Inputs 
and 


the outputs 
When 
VDD 
IS at 45 
V. the buffered 
outputs 
can 
Sink 1 6 mA at 0 4 V 
The Inputs 
can be driven 
with 
TTL as a 


result 
of the 
Internal 
Input 
pullup 
resistors 


• 


• 


ASYMMETRICAL 
TIMING 


In applications 
where different 
leading and trailing 
edge delays are required (such asa fast attack/slow release 
timer.) 
Clocks of different 
frequencies can be gated into 
the MC14490 as shown in Figure 6. In order to produce a 
slow attack/fast 
release circuit 
leads.A and B should be 
interchanged. The clock 
out 
lead can then be used to 
feed clock signals to the other MC14490 packages where 
the asymmetrical input/outPut 
timing is required. 


The contents of the Bounce Eliminator 
can be latched 
by using several extra gates as shown in Figure 7. If the 
latch lead is high the clock 
will 
be stopped when the 
output 
goes low. 
This 
will 
hold 
the output 
low even 
though the input has returned to the high state. Any time 
the clock is stopped the' outPuts will be representative of 
the input signal four clock periods earlier. 


As shown in Figure B, the Bounce Eliminator circuits 
can be connected 
in series. In this configuration 
each 
outPut 
is delayed by four 
clock 
periods relative to its 
respective input. This configuration 
may be used to gener· 


ate multiple 
timing 
signals such as a delay 
line, 
for 
programming other timing operations. 


One application 
of the above is shown in Figure g, 


where it is required to have a single pulse output 
for a 
single operation (make) of the push button or relay contact. 
This only requires the series connection 
of two Bounce 
Eliminator 
circuits, 
one inverter, and one NOR gate in 
order to generate the signal AB asshown in Figures g and 
10. The signal AB is four clock periods in length. If the in- 
verter is switched to the A output, the pulse At! will be 
generated upon releaseor breakof the contact. With the use 
of 
a 
few 
additional 
parts 
many 
different 
pulses and 
waveshapes may be generated. 


7 
1 
9 


OSC;n 
~o,cout 


2< 


2( 


2~ 


22 


22 


22 


22 
• 
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This device contains 
protection 
circuitry 
to guard against damage due to high static voltages 
or electr!c fields. 
However, 


precautions 
must be taken to avoid 
applications 
of any voltage 
higher than maximum 
rated voltages 
to this high-impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS ~ (Vin or Vout) ~ VOD' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g .. either VSS or VOO). Unused outputs 
must be left 
open. 


® MOTOROLA 


The 
MC14500B 
Industrial 
Control 
Unit 
(ICU) 
is a single-bit 
CMOS processor. The ICU is designed for use in systems requiring 
decisions based on successive single-bit 
information. 
An 
external 
ROM stores the control 
program. With 
a program counter 
(and 
output 
latches and input 
multiplexers, 
if 
required) the ICU in a 
system forms a stored-program controller 
that replacescombinatorial 
logic. Applications 
include relay logic processing, serial data mani- 


pulation 
and control. 
The 
ICU also may control 
an MPU or be 


controlled by an MPU. 


• 
16 Instructions 


• 
DC to 1.0 MHz Operation at VDD = 5 V 


• 
On-Chip Clock (Oscillator) 


• 
Executes One Instruction per Clock Cycle 


• 
3 to 1B V Operation 


• 
Low Quiescent Current Characteristic 
of CMOS Devices 


• 
Capable of Driving One Low·Power Schottky 
Load or Two 
Low-Power TTL Loads over Full Temperature Range 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C SerIes: 
- 40°C 
to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Data 
PIN ASSIGNMENT 
Write 


VOO 
16 


IEN 
VSS 
2 
15 


X11~ 
3 
,. 


13 
OSC 
4 
13 
X2 


5 
12 


10 
15 
6 
11 
6 
RR 


11 
INST 
12 
10 
A f- 
JMP 


12 
REG 
11 
9 


4 
A r- 
RTN 


13 
A 
10 
s-- 
Flag 0 


RST 
~ 
A;! 
FlagF 


Symbol 
Parame.er 
Value 
Unit 


VOO 
DC Supply Voltaga 
-0.5 
to 
+ 18.0 
V 


Vin. Voul 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


'in· lout 
Input or Output Current (DC or Transient). per Pin 
·10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


T.,O 
Storage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead Temperature 
(8-Second 
Soldering) 
260 
·C 


ThiS device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken 
to avoid 
applications 
of 
any 
Yoltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
You, 
should 
be 
constrained 
to 
the 
range 
VSS 
=so; 
(Vin 
or 


Vout) '" VOO' 
Unused inputs must always be tied to an ap- 
propriate 
logic voltage 
level (e.g., either VSS 
or VOO)' Unused 
outputs 
must be left open. 
-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: 
-12mW/oC 
from 65°C to 85°C 
Ceramic "L" Package: 
-12mWrC 
from 'OQoC to 125°C 


Voo 
Tlow. 
250C 
Thigh· 


Characteristic 
Symbol 
V 
Min 
Max 
Min 
Typ '" 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
V 


Vin = VOO or Q 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


V,n=QorVOD 
"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
V 


10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
VIL 
V 


RST,O,X2 


(Va 
= 4.5 or 0.5 VI 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
= 9.0 or 1.0 VI 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va 
= 13.5 or 1.5 VI 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(Va 
= 0.5 or 4.5 VI 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va 
= 1.0 or 9.0 VI 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
= 1.5 or 13.5 VI 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Voltage :; 
..a" Level 
VIL 
V 


10,11,12,13 


(Va 
= 4.5 or 0.5 VI 
5.0 
- 
0.8 
- 
1.1 
0.8 
- 
0.8 
(Va 
= 9.0 or 1.0 VI 
10 
- 
1.6 
- 
2.2 
1.6 
- 
1.6 


(Va 
= 13.50r 
1.5 VI 
15 
- 
2.4 
- 
3.4 
2.4 
- 
2.4 


"1" 
Level 
VIH 
(Va 
= 0.5 or 4.5 VI 
5.0 
2.0 
- 
2.0 
1.9 
- 
2.0 
- 


(Va 
= 1.0 or 9.0 VI 
10 
6.0 
- 
6.0 
3.1 
- 
6.0 
- 


(Va 
= 1.5 or 13.5 VI 
15 
10 
- 
10 
4.3 
- 
10 
- 


Output 
Orive Current 
Source 
'OH 
mA 
Data, Write (ALlCLlC? 
DevIce) 


(VOH = 4.6 VI 
5.0 
-1.2 
- 
-1.0 
-2.0 
- 
-0.7 
- 


(VOH = 9.5 VI 
10 
-3.6 
- 
-3.0 
-6.0 
- 
-2.1 
- 


(VOH = 13.5 VI 
15 
-7.2 
- 
-6.0 
-12 
- 
-4.2 
- 


(VOL = 0.4 VI 
Sink 
IOL 
5.0 
1.9 
- 
1.6 
3.2 
- 
1.1 
- 


(VOL = 0.5 VI 
10 
3.6 
- 
3.0 
6.0 
- 
2.1 
- 


(VOL 
= 1.5 VI 
15 
7.2 
- 
6.0 
12, 
- 
4.2 
- 


Output 
Drive Current 
Source 
iOH 
mA 
Other Outputs (A L Device) 


IVOH = 2.5 VI 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
- 1.7 
- 


(VOH = 4.6 VI 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 95 VI 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 VI 
15 
-4.2 
- 
-3.4 
88 
- 
-2.4 
- 


(VOL = 0.4 VI 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 


(VOL = 0.5 VI 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 VI 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
Source 
IOH 
mA 


Other Outputs (CLlCP 
DevIce) 
(VOH = 2.5 VI 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 VI 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 VI 
10 
- 1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 VI 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 VI 
Smk 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 


(VOL' 
0.5VI 
10 
1.3 
- 
1.1 
2.25 
.- 
0.9 
- 


(VOL' 
1.5 VI 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


#Data labelled "Typ" is not to be used for design purposes but is intended as an indication ot 
the IC's potemia! performance. 
wTlow= - 55°C tor AL Device, 
- 4QoC for ClICP 
Device. 


Thigh 
= + 125°C for AL Device. 
+ 85°C 
for CLlCP Device. 


VOO 
Tlow. 
25°C 
Thigh· 


Char.ct.ristic 
Symbol 
V 
Min 
Max 
Min 
Typlf 
Max 
Min 
Max 
Unit 


Input 
Current, 
RST 
(ALlCLlCP 
Device) 
lin 
15 
25 
- 
- 
150 
- 
- 
250 
~A 


Input 
Current 
(AL 
Device) 
lin 
15 
'0.1 
'0.00001 
to.l 
, 1.0 
~A 


Input 
Current 
(CL/C;P 
Device) 
lin 
15 
- 
, 0.3 
- 
, 0.00001 
'0.3 
- 
, 1.0 
~A 


Input 
Capacitance 
(Data) 
C,n 
- 
- 
- 
- 
15 
- 
- 
- 
pF 


Input Capacitance (All Other Inputs) 
C,n 
- 
- 
- 
- 
5.0 
7.5 
pF 


Quiescent 
Current 
(A L Device) 
'DO 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~A 
(Per Package) 
lout 
:< 0 iJA. 
10 
- 
10 
- 
0.010 
10 
- 
300 


Vin""O or Vao 
15 
- 
20 
- 
0.015 
20 
600 


QUiescent 
Current 
(CL/CP 
Device) 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~A 
(Per Package) lout 
= 0 JJA, 
10 
- 
40 
- 
0.010 
40 
- 
300 


Vin=O 
or 
VOD 
15 
- 
80 
- 
0.015 
80 
- 
600 


··Total 
Supply 
Current 
at an External 
IT 
- 
IT ~ (1.5 ~AlkHzl 
f + 100 
~A 
Load Capacitance (CL) on 
IT ~ 13.0 ~A/kHzl 
f + 'DO 
All Outputs 
IT ~ (4.5 ~A/kHzl 
f + 100 


• 
Tlow"" 
_55°C for AL Device. _40°C 
for CL/CP Device. 


Thigh = +12SoC for AL Device, +8SoC for CL/CP Device. 
•• 
The formulas given are for the typical characteristics only at 2SoC. 


#Data labelled "Typ" is not to be used for design purposes but is intended as an indication of 
the Ie's potential performance. 


SWITCHING 
CHARACTERISTICS 
(T A = 2SoC. tr = tf = 20 n, for X and 1inputs; CL = 50 pF for JMP. 
X 1. AA. Flag O. Flag F. 


CL = 130 pF + 1 TTL load for Data and Write.) 


VOO 
All Types 


Characteristic 
Symbol 
Vdc 
Min 
Typ 
If 
Max 
Unit 


Propagation Delav Time, Xl to RR 
tPLH. 
5.0 
- 
250 
500 
ns 


tPHL 
10 
- 
125 
250 
15 
- 
100 
200 


Xl 
to Flag 
F. Flag O. RTN. 
JMP 
5.0 
- 
200 
400 
10 
- 
100 
200 
15 
- 
85 
170 


Xl 
toWnte 
5.0 
- 
225 
450 
10 
- 
125 
250 
15 
- 
100 
200 


Xl 
to Data 
5.0 
- 
250 
500 
10 
- 
120 
240 
15 
- 
100 
200 


RST 
to RR 
5.0 
- 
250 
500 
10 
- 
125 
250 
15 
- 
100 
200 


RST 
to Xl 
5.0 
- 
450 
Note 1 
10 
- 
200 
15 
- 
150 


RST 
to 
Flag 
F. Flag O. RTN. 
JMP 
5.0 
- 
400 
800 
10 
- 
200 
400 
15 
- 
150 
JOO 
RST to Write, Data 
5.0 
- 
450 
900 
10 
- 
225 
450 
15 
- 
175 
350 


Clock Pulse Width, Xl 
tWlell 
5.0 
400 
200 
- 
ns 
10 
200 
100 
- 
15 
180 
90 
- 
Reset Pulse Width, RST 
tWIRl 
5.0 
500 
250 
- 
ns 
10 
250 
125 
- 
15 
200 
100 
- 
Setup Time - 
Instruction 
tsuO) 
5.0 
400 
200 
- 
ns 
10 
250 
125 
- 


15 
180 
90 
- 


Data 
tsulDI 
5.0 
200 
100 
- 


10 
100 
50 
- 
15 
80 
40 
- 
Hold Time - 
Instruction 
'hIli 
5.0 
100 
a 
- 
ns 
10 
50 
a 
- 


15 
50 
a 
- 


Data 
thlOI 
5.0 
200 
100 
- 


10 
100 
50 
- 
15 
100 
50 
- 


NOTE 1. Maximum Reset Delay may extend to one-half clock period. 
#Data labelled "Typ" is not to be used for design purposes but is intended as an indication of 
the IC's potential performance. 


FIGURE 
1 - 
TYPICAL 
CLOCK 
FREOUENCY 
•• rsus RESISTOR 
fRCI 
Pin No . 
Function 
Symbols 
I 
Chip 
Reset 
RST 
2 
Writ. 
Pulse 
Write 
3 
Oat. 
In/Out 
o.ta 
4 
MSB Instruction 
Word 
13 
5 
Bit 2 Instruction Word 
12 
6 
elt 1 Instruction Word 
11 
7 
LSB Instruction 
Word 
10 
8 
Negative Supply 
(Ground) 
Vss 
9 
Flag on NOP F 
Flag F 
10 
Flag on NOP 0 
Flag 0 
II 
SubroutIne 
Return Flag 
RTN 
12 
Jump 
Instruction 
Flag 
JMP 
13 
Oscillator 
Input 
X2 
14 
Oscillator 
Output 
Xl 
15 
Result 
Register 
RR 
16 
Positive 
Supply 
VDD 


Instruction 
Cod. 
Mnemonic 
Action 


0 
0000 
NOPO 
No change in registers. 
RR - 
RR, Flag 0 - J1. 


1 
0001 
LD 
Load result 
register. 
Data 
...•AR 


2 
0010 
LDC 
Load complement. 
Data 
-- RA 


3 
001 I 
AND 
Logical AND. 
RR Oat. 
-- AR 


4 
0100 
ANDC 
Logical AND complement. 
RR 
Data 
-- RR 
5 
0101 
OR 
LoglcalOR. 
RR 
+ Data 
-- RR 


6 
OlIO 
ORC 
Logical OR complement. 
RR + Data-AR 


7 
0111 
XNOR 
Exclusive NOR. 
If RR • Data, RR - 
I 


8 
1000 
STO 
Store. 
RR ...• Data 
Pin, Wrlte-..n... 


9 
1001 
STOC 
Store complement. 
RA - 
Data Pin. Write --.Il.. 


A 
1010 
IEN 
Input 
enable. 
Data ...•I!N 
Register 


8 
lOll 
OEN 
Output enable. 
Data ....•OEN Register 


C 
1100 
JMP 
Jump. 
JMP Flag - .J1. 


0 
1101 
RTN 
Return. 
ATN Flag -- J1.. and skip next instructIon 


E 
1110 
SKZ 
Skip next instruction if RR :: 0 


F 
1111 
NOPF 
No change in registers. 
RR - 
RR, Flag F -.I1... 


I 
I 
I 
I 
________ 
-.J 


MC14599B 
8 Bit 
Addr.sseble 
Latch 
with 
8idirectional 
Oeta 


MC14512 


8·Channel 


Oete Selector 


r---------.., 


I 
Additlonel 
I 


: 
Input 
O•••••ices 
: 


I 
I 


I 
I 
• 


• 


tW(A)--1tPHL~ 


(RESET 
TO XI) 


~- 
tPHL 
(RESET 
TO 
RR) 
4 Bit 
\ 
r--\ 
r--\ 


Instruction 
~c-- 
- 
-- 
--- 


FLAGO 
tPL_H~l 
tPHL JL 
.~ 


FLAG 
F 
(_D_A_T_A_T_O_F_L_A_G_) 
~/ 
\~ 
_ 


RST 
JI 
RR\ ~---------------------------------~--- 
\~~~~~!'L 


ATN 
Flag________________________ 
J/ 


~ 
,I 


tpHL 
~ 
r- 


\ 
(RESET 
TO 
Jump) 


• 


• 


@MOTOROLA 


TRIPLE 
GATE 


OUAL 4-INPUT "NANO" 
GATE 
2-INPUT "NOR/OR" 
GATE 
8-INPUT "ANO/NANO" 
GATE 


The 
MC1 4501 US 
is constructed 
with 
MOS 
P-channel 
and 
N-channel 
enhancement 
mode 
devices 
in a single 
monolithic 
structure. 
These 
com- 
plementary 
MOS logic gates 
lind 
primary 
use where 
low power 
dissipation 
and/or 
high 
noise 
immunity 
is desired. 
Additional 
characteristics 
can 
be 
lound 
on the Family 
Data 
Sheet. 


• 
Diode 
Protection 
o~ All 
Inputs 


• 
Supply 
Voltage 
Range 
~ 3.0 Vdc 
to 
18 Vdc 


• 
Logic 
Swing 
Independent 
01 Fanout 


• 
Capable 
01 Driving 
Two Low-Power 
TTL 
Loads 
or One 
Low-Power 
Schottky 
TTL 
Load 
Over 
the Rated 
Temperature 
Range 


Symbol 
Par.meter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tata 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature (s·Second 
Soldering) 
260 
·C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" Package: -12mWrc from 65°C to 8SoC 
Ceramic "L" Package: 
-12mW'·C 
from 100·e to 125 


DC 


TRIPLE 
GATE 
DUAL 4-INPUT "NAND" 
GATE 
2·INPUT "NOR/OR" 
GATE 
8-INPUT "ANO/NANO" 
GATE 


~~'."furl)~·~ 
~,.~n ~l 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40°C 
to + 8S-C 


MC,4XXXUBCP 
(Plastic 
Package) 


MC14XXXUBCL 
(Ceramic 
Package) 


~~ 
13 
3 
, 
4 
...---,.; 


1t~' 
14 AND 
12~~::NANO 


9 
VODcPln16 


VSS '"'Pln8 


Voo 
Tlow· 
2SoC 
Thigh· 


Ch.recteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ •• 
M•• 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
50 
- 
005 
- 
0 
0.05 
- 
0.05 
Vdc 


Vm"'VOOorO 
10 
- 
0.05 
- 
0 
005 
- 
0.05 


15 
- 
0.05 
- 
0 
005 
- 
0.05 


", .. Level 
VOH 
5.0 
4.95 
- 
495 
5.0 
- 
4.95 
- 
Vdc 


V1n 
= a or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
1495 
- 
14.95 
15 
- 
1495 
- 


Input 
Voltage 
"0" 
Level 
V,L 
Vdc 


1VO = 3.60' 
1.4 Vdc) 
5.0 
- 
15 
2.25 
15 
- 
14 


1VO = 7.20,2.8 
Vdc) 
10 
- 
30 
4.50 
30 
- 
29 


1VO = 11.5 or 3.5 Vdc) 
15 
- 
375 
- 
6.75 
375 
36 


(VO = 1 40,3.6 
Vdc) 
"1·· Level 
V'H 
5.0 
3.6 
- 
3.5 
275 
- 
3.5 
- 
Vdc 


(VO = 2.8 or 7.2 Vdcl 
10 
7.1 
- 
7.0 
550 
7.0 


1VO = 3.5 0,11.5 
Vdc) 
15 
11.4 
- 
11.25 
8.25 
- 
110 
- 


Output 
Drive Current 
'OH 
mAde 


(AL 
Device) 


(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH =4.6Vdcl 
5.0 
-0.25 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
NAND· 
10 
-0.62 
- 
05 
-0.9 
- 
-0.35 
- 


1VOH = 13.5 Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
-1.1 
- 


(VOH = 2.5 Vdcl 
NOR 
5.0 
-2.1 
- 
-1.75 
-3.0 
- 
-1.22 
- 
mAde 


1VOH = 4.6 Vdcl 
5.0 
-042 
- 
-0.35 
-0.63 
- 
-0.24 
- 


1VOH • 9.5 Vdcl 
10 
-1.06 
- 
-0.88 
-1.58 
- 
-0.62 
- 


1VOH = 13.5 Vdcl 
15 
-3.1 
- 
2.63 
-6.12 
- 
-1.84 
- 


(VOH = 2.5 Vdcl 
NOR· 
5.0 
-3.6 
- 
-3.0 
-5.1 
- 
-2.1 
mAde 


(VOH = 4.6 Vdcl 
5.0 
-0.72 
- 
-0.6 
-1.08 
- 
-0.42 
- 


(VOH • 9.5 Vdcl 
Inverter 
10 
-1.8 
- 
-1.5 
-2.7 
- 
-1.05 
- 


(VOH • 13.5 Vdcl 
15 
-5.4 
- 
-4.5 
-10.5 
- 
-3.15 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
051 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
NAND· 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


(VOL' 
0.4 Vdcl 
NOR 
5.0 
0.92 
- 
0.77 
1.32 
- 
0.54 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
2.34 
- 
1.95 
3.37 
- 
1.36 
- 


(VOL' 
1.5 Vdcl 
15 
6.12 
- 
5.1 
13.2 
- 
3.57 
- 


(VOL' 
0.4 Vdcl 
NOR· 
5.0 
1.54 
- 
1.28 
2.2 
- 
0.90 
- 
mAde 


(VOL = 0.5 Vdcl 
Im,-erter 
10 
3.90 
- 
3.25 
5.63 
- 
2.27 
- 


(VOL· 
1.5 Vdcl 
15 
10.2 
- 
8.5 
22 
- 
5.95 
- 


Output 
Drive 
Current 
'OH 
mAde 


(CLlCP Oe"",,) 
(VOH = 2.5 Vdc) 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH ·4.6 
Vdcl 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH • 9.5 Vdc) 
NAND· 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH' 
13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH' 
2.5 Vdc) 
NOR 
5.0 
-1.68 
- 
-1.4 
-3.0 
- 
-1.05 
- 
mAde 
(VOH • 4.6 Vdcl 
5.0 
-0.34 
- 
-0.28 
-0.63 
- 
-0.21 
- 


(VOH • 9.5 Vdcl 
10 
-OB4 
- 
-0.7 
-1.58 
- 
-0.52 
- 


(VOH' 
13.5 Vdc) 
15 
-2.52 
- 
-2.1 
-6.12 
- 
-1.57 
- 


(VOH = 2.5 Vdcl 
NOR· 
5.0 
-2.88 
- 
-2.4 
-5.1 
- 
-1.8 
- 
mAde 
(VOH '4.6 
Vdcl 
5.0 
-0.58 
- 
-0.48 
-1.08 
- 
-0.36 
- 


(VOH = 9.5 Vdc) 
Inwrter 
10 
-1.44 
- 
-1.2 
-2.7 
- 
-0.9 
- 


(VOH' 
13.5 Vdcl 
15 
-4.32 
- 
-3.6 
-10.5 
- 
-2.7 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdc) 
NAND· 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8B 
- 
2.4 
- 


(VOL' 
0.4 Vdcl 
NOR 
5.0 
0.79 
- 
0.66 
1.32 
- 
0.54 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.98 
- 
1.65 
3.37 
- 
1.36 
- 


(VOL' 
1.5 Vdcl 
15 
5.4 
- 
4.5 
13.2 
- 
3.57 
- 


(VOL = 0.4 Vdc) 
NOR· 
5.0 
1.32 
- 
1.1 
2.2 
- 
0.90 
- 
mAdc 
(VOL' 
0.5 Vdc) 
Inwrter 
10 
3.3 
- 
2.75 
5.63 
- 
2.27 
- 


(VOL' 
1.5 Vdcl 
15 
9.0 
- 
7.5 
22.0 
- 
5.95 
- • 


• 


VDD 
T_" 
2li"c 
T".,." 
CMr_iltic 
Symbol 
Vdc 
Mift 
Mu 
Mln 
Typ# 
Mu 
Min 
Mu 
Unit 


Input Current tAL Device' 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
tl.0 
"Ad<: 


Input Current ICL/CP Device) 
lin 
15 
- 
.0.3 
- 
to.OOOOl 
to.3 
- 
±1.0 
"Adc 


Input CApacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin -0) 


Quiescent 
Cur,.."t 
(AL Device) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
"Adc 
(""rPockoge) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30.0 


Quiescent Current (CLlCP Device) 
100 
5.0 
- 
1.0 
- 
O.ooos 
1.0 
- 
7.5 
"Adc 
IPer Pockoge) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0016 
4.0 
- 
30.0 


Total 
Supply 
Curr ••n··t 
IT 
5.0 
IT - 11.2 "A/kHz) f + 100 
"Adc 
tOynamic plus Quiescent, 
10 
IT - (2.4 "A/kHz) f + 100 
Per Pickage 
l 
15 
IT - (3.6 "A/kHz) f + 100 
(eL • 50 pF on all outputs. 
,II 
buffers switching) 


Cheraeteriltic 
Figure 
Symbol 
Voo 
Typ# 
•••• 
Unit 


Output 
Rise Time 
NAND,NOR 
2,3 
tTLH 
nl 
tTLH • 13.0 nl/pF) CL + 30 m 
6.0 
180 
360 
tTLH - 11.5 nslpF I CL + 15 m 
10 
80 
180 
tTLH - 11.1 nl/pF) CL + 10 m 
15 
86 
130 


Output 
FIll Time 
NAND, NOR 
2,3 
'THL 
n& 
tTHL - 11.5 nl/pFI CL + 25 m 
6.0 
100 
200 
tTHL - 10.75 nsipFI CL + 12.5 nl 
10 
50 
100 
tTHL - 10.55 nl/pF) CL + 9.5 nl 
15 
40 
80 
Output 
Rite Time 
NOR-Inverter 
3 
'TLH 
nI 
'TLH - (1.35 nl/pF) CL + 32.5 m 
5_0 
100 
200 
tTLH - 10.60 nl/pF) CL + 20 nl 
10 
50 
100 
tTLH - (0.40 nl/pFJ CL + 17 nl 
15 
40 
80 
Output Foil Time 
NOR-Inve"or 
3 
'THL 
n& 
'THL - (0.67 nl/pFJ CL + 26.5 m 
6.0 
80 
120 
tTHL - (0.45 m/pFJ CL + 17_5 nI 
10 
40 
80 
'THL' 
(0.37 nl/pFJ CL + 11_5 nI 
15 
30 
10 
Prop-oetion 
Delay Time 
NAND 
2 
tPLH, 
nl 
tpLH, tPHI, - (1.7 nI/pF) CL + 45 nI 
tpHL 
50 
130 
:zeo 
tPLH. tpHL - 10.66 nl/pFJ CL + 37 nl 
10 
70 
140 
tPLH. tpHL - 10_5m/pF) CL + 25 nI 
15 
50 
100 
tPLH. tPHL • 11.7 mlpFI CL + 30 m 
NOR 
3 
tPLH, 
6.0 
116 
230 
nI 
tPLH. tPHL - 10.66 nl/pFJ CL + 32 nl 
tPHL 
10 
116 
130 
tPLH. tpHL - 10.6 nl/pF) CL + 20 nl 
15 
411 
110 
tpLH. tPHL - (1.7 nI/pFJ CL + 45 nI 
NOR-Invertor 
3 
'PLH. 
11.0 
130 
260 
n& 
tPLH. tPHL - 10_1IlInslpF) CL + 37 nI 
tpHL 
10 
70 
140 
tPLH tpHL - (0.5 nI/pF) CL + 25 nI 
16 
50 
100 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high-imped- 
ance circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range 
VSS ~ (Vin or Vout) 
•• VOO. 
Unused 
inputs must always be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VDDl. Unused 
outputs 
musl 
be left open. 


PIN ASSIGNMENT 


v," 
16 


15 


14 


4 
13 


12 


6 
11 


10 


8 
9 


v," 
Vss 


- 
20 ns 
20 ns 


90% 
90% 
-Vao 


Input 
tAt 
50% 
5P%_ 


_10% 
10·'0 
VSS 


Output 
PH' 
tpLH 
(8) 
VOH 


90% 
90%- 


Output 
l Bt 
·50% 
50% 


10% 
10% 
--VOL 


tTHL 
tTLH 
• 


• 


@MOTOROLA 


The MC14502B is a slrobed hex bullerfinverler 
with 3-slale oulpuls, an 
inhibil conlrol, and guaranleed TTL drive over Ihe lemparalure 
range. The 
3-slale oulpul simplifies design by allowing a common bus. 


• 
5eparate Output 
Disable Control 


• 
3-State Output 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving 4LSTTL Loads Over Ihe Raled Temperalure Range 


Symbol 
Per.me ••r 
V.lu. 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


Iin 
Input Current (DC or Transient), 
per Pin 
:10 
mA 


'out 
Output Current (DC or Transient), 
per Pin 
+30 
mA 


Po 
Power Dissipation. 
per Packaget 
500 
mW 


Toto 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature 
(8-Second 
Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" 
Package: -12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: -12mW'oC from loo·e 
to 125°C 


On 
Inhibit 
Dilobl. 
On 


0 
0 
0 
1 
1 
0 
0 
0 


X 
1 
0 
0 


X 
X 
1 
HI'" 
Impedence 


STROBED 
HEX 
INVERTER/BUFFER 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
820 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
~8 


C Series: 
- 40°C to + 85°C 


MC14XXXBCP 
(PI8SUC Package) 


MC14XXXBCl 
(Ceramic 
Package) 


Voo 
LOGIC DIAGRAM 


~ 


3·S•.•t. • 
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Characteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ # 
Max 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
005 
- 
0.05 


.. , .. Level 
VOH 
50 
4.95 
- 
4.95 
50 
- 
4.95 
- 
Vdc 


Vin=O 
or VOO 
10 
995 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(VO - 4.50,0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO - 13.50< 1.5 Vdcl 
15 
_. 
4.0 
- 
6.75 
4.0 
.. 
40 


"'" 
Level 
VIH 
(VO - 0.5 0' 4.5 Vdcl 
5.0 
3.5 
.. 
35 
2.75 
- 
3.5 
- 
Vdc 


(VO - 1.00,9.0 
Vdcl 
10 
7.0 
7.0 
5.50 
- 
7.0 
- 
(VO - '50"3.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 


(VOH - 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH - 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-088 
- 
-0.36 
- 


(VOH - 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-225 
- 
-0.9 
- 


IVOH - 13.5 Vdcl 
15 
-4.2 
_. 
-3.4 
-88 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
SInk 
IOL 
5.0 
3.5 
- 
2.8 
6.6 
- 
2.0 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
7.8 
- 
6.3 
17 
- 
4.4 
- 


(VOL - 1.5 Vdcl 
15 
29 
- 
24 
66 
- 
16 
- 


Output 
Olive 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 


(VOH - 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH - 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH - 9.5 Vdcl 
10 
-1.3 
- 
-1 
1 
-2.25 
- 
-0.9 
- 


(VOH - 13.5 Vdcl 
15 
-3.6 
.. 
-3.0 
-88 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
2.3 
- 
1.9 
6.6 
- 
1.6 
- 
mAde 


(VOL - 0.5 Vdcl 
10 
5.0 
- 
4.2 
17 
- 
3.4 
- 


(VOL' 
1.5 Vdcl 
15 
19 
- 
16 
66 
- 
13 
- 


Input 
Current 
(AL 
DeVice) 
I," 
15 
- 
1.01 
- 
to 00001 
'01 
- 
1. 1.0 
jolAdc 


Input 
Current 
ICLlCP 
DeVice) 
I," 
15 
- 
,03 
- 
to 00001 
'0.3 
- 
, 1.0 
jJ.Adc 


Input 
Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
- 
pF 
IV.n:. 
01 


QUiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
1.0 
- 
0.002 
1.0 
.. 
3D 
jJ.Adc 


(Prer Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
.. 
120 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
/JAde 


(Per 
Package) 
10 
- 
8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 


Total 
Supply 
Current··' 
IT 
5.0 
IT - 
(2.7 .A/kHzI 
f t 'DO 
,uAdc 


(DynamiC 
plus 
Ouiescent, 
10 
IT - 
(5.3 .A/kHz) 
f 
+ 'DO 


Per Package) 
15 
IT - 
18.0 .A/kHz) 
f 
+ 'DO 


(el 
..,50 pF on all outputs, 
all 


buffers 
SWitching) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
to 1 
- 
'0.00001 
to 
1 
- 
,3.0 
",Adc 
(AL 
Device) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
.t1.Q 
- 
·000001 
t 1.0 
- 
± 7.5 
,..Adc 


(CLlCP 
DeVIce) 


"The 
formulas 91ven are for the typical characteristiCS 
only at 25°C 


tTo calculate 
total supply current at loads other than 50 pF: 


This device contains 
protection 
circuitry to guard against 
damage 
due to high static voltages 
or electric fields. However, 


precautions 
must be taken to avoid applications 
01 any voltage 
higher than maximum 
rated voltages 
to this high-imped- 


ance circuit. For proper operation, 
Vin and Vout should be constrained 
to the range VSS ~ (Vin or Vout) :s;VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g .. either VSS or VOO)' 
Unused outputs must be 


left open. 
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Output Rise Time 
tTLH 
no 
5.0 
- 
100 
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- 
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tTHL 
no 
5.0 
- 
40 
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Delay Time Detl to Q. Inhibit to a 
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TEST 
51 
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'PHZ 
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Closed 
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The MC14503B is a hex non·inverting buffer with 3·state outputs, 


and a high current source and sink capability. The 3·state outputs 
make it useful in common bussingapplications. Two disable controls 
are provided. A high level on the Disable A "input causesthe outputs 
of buffers 1 through 4 to go into a high impedance state and a high 
level on the Disable B input causesthe outputs of buffers 5 and 6 
to go into a high impedance state. 


• 
3-State Outputs 


• 
TIL 
Compatible - Will Drive One TIL 
Load Over Full Tempera· 


ture Range 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Two Disable Controls for Added Versatility 


• 
Pin for Pin Replacement for MM80C97 and 340097 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


'in 
Input Current (DC or Transient), 
per Pin 
",10 
mA 


lout 
Output 
Current 
(DC 
or Transient), 
per 
Pin 
",25 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
'C 


TL 
Lead Temperature 
(S-Second Soldering) 
260 
'C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: 
- 12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: -12mW/oC 
from 
IOQoe 
to 125°C 
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This device contains protection 
circuitry 
Vin and Vout should 
be constrained 
to 
to guard against damage due to high 
the range VSS '" (Vin or Vout) '" VDD. 


static 
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or electric 
fields. 
How- 
ever, precautions 
must be taken to avoid 
Unused inputs must always be tied to an 
applications 
of any voltage 
higher than 
appropriate 
logic voltage 
level (e.g., ei- 
maximum 
rated voltages 
to this high-im- 
ther VSS or VOO). Unused outputs 
must 
pedancs 
circuit. 
For proper 
operation, 
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Ch.recteristic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ# 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
0 
0.05 
0.05 
Vdc 


Vin=O 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.~5 
5.0 
- 
4.95 
- 
Vdc 


Vin=VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
V,L 
Vdc 


(Va· 
3.6 or 1.4 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va· 
7.2 or 2.8 Vdc) 
10 
- 
3.0 
_. 
4.50 
3.0 
- 
3.0 
(Va· 
11.5 or 3.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"'" 
Level 
(Va· 
1.4 or 3.6 Vdc! 
VIH 
5.0 
3.5 
- 
3.5 
2.75 
3.5 
Vdc 


(Va" 
2.8 or 7.2 Vdc) 
10 
7.0 
- 
7.0 
5.5 
- 
7.0 
- 


(Vo • 3.5 or 11.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 


Output 
Drive Current 
(AL Device'··· 
10H 
mAde 


(VOH • 2.5 Vdcl 
Source 
4.5 
-4.3 
- 
-3.6 
-5.0 
- 
-2.5 
- 


(VOH • 2.5 Vdcl 
5.0 
-5.8 
- 
-4.80 
-6.1 
- 
-3.0 
- 


(VOH • 4.6 Vdcl 
5.0 
-1.2 
- 
-1.02 
-1.4 
- 
-0.7 
- 


(VOH • 9.5 Vdcl 
10 
-3.1 
- 
-2.60 
-3.7 
- 
-1.8 
- 


(VOH' 
13.5 Vdc) 
15 
-8.2 
- 
-6.80 
'14.1 
- 
-4.8 
- 


Sink 
'OL 
mAde 


(VOL' 
0.4 Vdcl 
4.5 
2.2 
- 
1.8 
2.1 
- 
1.2 
- 


(VOL' 
0.4 Vdc) 
5.0 
2.6 
- 
2.1 
2.3 
- 
1.3 
- 


(VOL = 0.5 Vdc! 
10 
6.5 
- 
5.5 
6.2 
- 
3.8 
- 


(VOL' 
1.5 Vdc! 
15 
19.2 
- 
16.10 
25.00 
- 
11.2 
- 


Output 
Dnve Current 
ICLlCP Device)··· 
'OH 
- 
mAde 


(VOH • 2.5 Vdc) 
Source 
4.75 
-4.0 
- 
-3.60 
-5.5 
- 
-2.4 
- . 
(VOH • 2.5 Vdc! 
5.0 
-4.6 
.- 
-4.20 
-6.1 
- 
-3.0 
- 


(VOH • 4.6 Vdcl 
5.0 
-1.0 
- 
~.88 
-1.4 
- 
-0.7 
- 


(VOH • 9.5 Vdcl 
10 
-2.4 
- 
-2.20 
-3.7 
.. 
-1.8 
- 


(VOH • 13.5 Vdcl 
15 
-6.6 
.- 
-6.00 
-14.1 
.- 
-4.8 
- 


Sink 
10L 
mAde 


(VOL' 
0.4 Vdc! 
4.75 
2.1 
- 
1.95 
2.2 
- 
1.25 
- 


(VOL' 
0.4 Vdcl 
5.0 
2.3 
- 
2.10 
2.3 
- 
1.3 
- 


(VOL' 
0.5 Vdc! 
10 
6.0 
- 
5.45 
6.2 
- 
3.8 
- 


(VOL' 
1.5 Vdcl 
15 
15.2 
- 
13.80 
25.00 
- 
11.2 
- 


Input 
Current 
(Al 
Oevice) 
lin 
15 
_. 
10.1 
- 
'0.ססOO1 
,0.1 
- 
11.0 
I'Adc 


Input 
Current 
(Cl/CP 
O••••icel 
I,n 
15 
- 
10.3 
- 
,0.ססOO1 
10.3 
- 
11.0 
~Adc 


Input 
Cepecitance 
(Vin 
:0: 0) 
Con 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent 
Current 
(AL Device) 
10 
5.0 
- 
1.0 
- 
0.002 
1.0 
- 
30 
""Adc 
(Per Package) 
10 
- 
2.0 
- 
0.004 
2.0 
- 
eo 


15 
- 
4.0 
- 
0.006 
4.0 
- 
120 


Quiescent 
Current 
(CL/CP Device I 
100 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
~Adc 
(Per Pock_' 
10 
- 
8.0 
- 
0.004 
8.0 
- 
80 


15 
- 
16 
- 
0.006 
16 
- 
120 
Tota' 
Supply 
Current··t 
'T 
5.0 
~Adc 


(Oynemic 
plus Quiescent, 
Per Packagel 
10 
'T ~12.5 ~AlkHzl 
f + '00 


fel 
'" 50 pF on all outputs) 
15 
'T ~16.0 ~A/kHzl 
f + '00 


(All outputs 
switching, 
SO% Duty Cycle) 
'T = 110 ~A/kHz) 
f + '00 


3·$ •• te Output 
LMk-sre Current 
ITL 
15 
- 
'0.1 
- 
,0.0001 
'0.1 
- 
,3.0 
~Adc 
IAL O•• icol 
- 
- 
- 


3·5t.t. 
Output 
Le.k8ge 
Current 
'TL 
15 
- 
'1.0 
- 
'0.0001 
'1.0 
- 
17.5 
"Adc 
ICLlCP o..;oo! 
- 
- 
- 


•• 


VDD 
All TYJIOI 
aw-lItlc 
Symbol 
Vcc 
Typ# 
Mol. 
Unit 
OutPUt RiM Ti•••• 
'TLH 
ns 


'TLH - (0.5'M/pF) CL + 20 nl 
5.0 
45 
90 
'TLH - 10.3nl/pF) CL + 8.0 nl 
10 
23 
45 


'TLH -.10.2 ns/pF) CL + 8.0 nl 
15 
18 
35 


OutPUtF.IITi •••• 
'THL 
nl 


'THL - (0.5 nl/pF) CL + 20 nl 
5.0 
45 
90 
'THL - 10.3nl/pF) CL + 8.0 nl 
10 
23 
~5 


'THL - 10.2m/pF) CL + 8.0 nl 
15 
18 
35 


Turn-Off Dalay Ti•••••• 11OUIPUtl 
tPLH 
m 


tPLH - 10.3nl/pF I CL + 60 nl 
5.0 
75 
150 


tPLH - 10.15 m/pF) CL + 27 nl 
10 
35 
70 


tpLH - (0.1 nl/pF) CL + 20 nl 
15 
25 
50 


Turn-on Dalay Ti•••••• 11OUlPutl 
tpHL 
m 


tpHL - 10.3m!pF) CL + 60 nl 
5.0 
75 
150 


tpHL - 10.15 nl/pF) CL + 27 nl 
10 
35 
70 


tPHL - (0.1 ni/pFI CL + 20 nl 
15 
25 
50 


3·$t••e Pr~tion 
Oel.v Time 
tpHZ 
5.0 
75 
150 
nl 
OulPUt "I" to High Impedance 
10 
40 
80 
15 
35 
70 


Output "0" to High Impedance 
tPLZ 
5.0 
80 
160 
nl 
10 
40 
80 
15 
35 
70 
High Impadanc:ato "I" Lave, 
tpZH 
5.0 
65 
130 
nl 
10 
25. 
50 
15 
20 
40 
High Impadanc:ato "0" Laval 
tPZL 
5.0 
100 
:lOll 
nl 
10 
35 
70 
15 
25 
50 


·The formula. 
given 
are tor the typical 
characteristics 
only 
at 2S8C. 


#0.18 
labelled 
"Typ" 
Is not to b. 
used for design 
purpose. 
but is 


intended 
.s 
an indlcallon 
of the IC's potential 
performance. 


PIN ASSIGNMENT 


t6 


2 
15 


3 
14 
• 


4 
13 


5 
t2 


6 
11 


10 


8 
9 


• 


• 
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HEX LEVEL 
SHIFTER 
FOR 
TTL to CMOS or CMOS to CMOS 


The MC14504B 
is a hex non-inverting level shifter using CMOS 
technology. 
The level shifter will shift a TTL signal to CMOS logic 
levels for any CMOS supply voltage between 5 and 15 volts. A con- 
trol 
input also allows interface from CMOS to CMOS at one logic 
level to another logic level·. Either up or down level translating 
is 
accomplished by selection of power supply levels VDD and VCC. 
The VCC level sets the input signal levels while VDD selects the 
output voltage levels_ 


• 
UP Translates from a Low to a High Voltage.or 
DOWN Translates from a High to a Low Voltage 


• 
Input Threshold Can Be Shifted for TTL Compatibility 


• 
No Sequencing Required on Power Supplies or Inputs for 
Power Up or Power Down 


• 
3 to lB Vdc Operation for VDD and VCC 


• 
Diode Protected Inputs to VSS 


• 
Capable of Driving Two Low-Power TIL 
Loads or 
One Low-Power Schottky TIL 
Load Over the Rated 
Temperature Range 


Input Logic 
Output Logic 
Mode Select 
Level. 
Level. 


t 
(Vccl 
TTL 
CMOS 


o (VSS) 
CMOS 
CMOS 


TTL or CMOS to CMOS 
HEX LEVEL 
SHIFTER 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 4Q·C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


This device 
contains circuitry 
to protect 
the Inputs 


against 
damage 
due 
to high 
slatic 
voltages 
or elec- 


tric fields r.f.renced 
to the VSS pin, only. Extra 


precautions 
must 
be laken 
10 avoid 
applications 
of 
any voltage 
higher 
than 
the maximum 
rated 
voltages 
10 this high-impedance 
CirCUit 
For proper 
operation. 


the ranges VSS •• Vm 
05;; 18 V and VSS '!E: Vout •• 


VDD are recommended. 


Unused inputs must always be lied to an approprlo 


ate logic voltage level (e.g., either VSS or VOO). Un- 
used outputs must be left open. 


Symbol 
Parameter 
Value 
Unit 


VCC 
DC Supply 
Voltage 
-0.5 
to + 18.0 
V 


VOO 
DC Supply 
Voltage 
-0.5 
to 
+ 18.0 
V 


Vin 
Input 
Voltage 
(DC 
or Transient) 
-05to+18.0 
V 


Vout 
Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOD + 0.5 
V 


lin· 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 


per 
Pin 
~10 
mA 


Po 
Power 
Dissipation, 
per 
Package*· 
500 
mW 


Tsta 
Storage 
Temperature 
- 65 to 
+ 150 
"C 


TL 
Lead 
Temperature 
(B-Second 
Soldering) 
260 
"C 


*Maximum 
ratings 
are those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


**Power 
dissipation 
temperature 
derating: 
Plastic 
"P" 
package. 
- 
12 mW °C from 
65"'C to 85°C 


Ceramic 
"L" 
package. 
- 12 mW 
Co from 
100"'C 


to 
125°C 


Vee 
VOO 
Tlow . 
25°C 
Thigh- 


Characteristic 
Symbol 
Vdc: 
Vde 
Min 
Max 
Min 
Typ # 
Max 
Min 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
- 
5.0 
- 
0.05 
- 
0 
005 
- 
0.05 
Vde 


V1n.: 
0 V 
- 
10 
- 
0.05 
- 
0 
005 
- 
0.05 


- 
15 
- 
0.05 
- 
0 
005 
- 
0.05 


V1n = VCC 
"'" 
Level 
VOH 
- 
5.0 
4.95 
- 
4.95 
5.0 
,. 
4.95 
- 
Vde 
- 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
LeIJel 
VIL 
Vde 
(VOL' 
1.0 Vde) TTL -CMOS 
5 
10 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 


(VOL' 
1.5 Vde) TTL-CMOS 
5 
15 
- 
0.8 
- 
1.3 
0.8 
- 
0.8 


(VOL' 
1.0 Vdel CMOS-CMOS 
5 
10 
- 
1.5 
- 
2.25 
1.5 
., 
1.4 


(VOL' 
1.5 Vde) CMOS-CMOS 
5 
15 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VOL' 
1.5 Vdel CMOS-CMOS 
10 
15 
- 
3.0 
- 
4.5 
3.0 
- 
2.9 


Input 
Voltage 
"1" 
Level 
"tH 
Vde 
(VOH' 
9.0 Vdel TTL-CMOS 
5 
10 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH' 
13.5 Vdel TTL-CMOS 
5 
15 
2.0 
- 
2.0 
1.5 
- 
2.0 
- 


(VOH' 
9.0 Vdel CMOS-CMOS 
5 
10 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH' 
13.5 Vde) CMOS-CMOS 
5 
15 
3.6 
- 
3.5 
2.75 
- 
3.5 
- 


(VOH' 
13.5 Vdel CMOS-CMOS 
10 
15 
7.1 
- 
7.0 
5.5 
- 
7.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAdc 
(VOH' 
2.5 Vdel 
Source 
- 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdel 
- 
5.0 
-0.64 
- 
-0.51 
-0.88 
.- 
-0.36 
- 


(VOH' 
9.5 Vdcl 
- 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vde) 
- 
15 
-4.2 
- 
3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdel 
SInk 
IOL 
- 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdel 
- 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdel 
- 
15 
4.2 
- 
3.4 
8B 
- 
2.4 
- 


Output 
Drlve'Current 
ICLlCP 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdel 
Source 
- 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdel 
- 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdel 
- 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdel 
- 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vde) 
Sink 
IQL 
- 
5.0 
0.52 
- 
0.44 
OBB 
- 
0.36 
- 
mAdc 
(VOL' 
0.5 Vdcl 
- 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vde) 
- 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(All 
lin 
- 
15 
- 
"0.1 
- 
;0.ססOO1 
'0.1 
- 
; 1.0 
~Adc 


Input 
Current 
(CLlCP) 
lin 
- 
15 
- 
'0.3 
- 
'0.ססOO1 
'0.3 
- 
, 1.0 
~Adc 


Input 
Capacitance 
(Vin 
"" 0) 
Cin 
- 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Quiescent 
Current 
(AL 
Device) 
looor 
- 
5.0 
- 
0.05 
- 
0.0005 
0.05 
- 
1.5 
}JAde 


(Per Package) 
ICe 
- 
10 
- 
0.10 
- 
0.0010 
0.10 
- 
3.0 
CMOS-CMOS 
Mode 
- 
15 
- 
0.20 
- 
0.0015 
0.20 
- 
6.0 


Quiescent 
Current 
(CLlCP 
Devicel 
100 
or 
- 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
~Adc 
(Per Package) 
lec 
- 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 
CMOS-CMOS 
Mode 
- 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Quiescent 
Current 
IALlCLlCP 
Device) 
100 
5.0 
5.0 
- 
0.5 
- 
0.0005 
0.5 
- 
3.8 
}JAdc 


(Per Packagel 
5.0 
10 
- 
1.0 
- 
0.0010 
1.0 
- 
7.5 
TTL -CMOS Mode 
5.0 
15 
- 
2.0 
- 
0.0015 
2.0 
- 
15.0 


Quiescent 
Current 
IAL/Cl/CP 
Device) 
Ice 
5.0 
5.0 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 
mAdc 
(Per Package) 
5.0 
10 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 
TTL-CMOS 
Mode 
5.0 
15 
- 
5.0 
- 
2.5 
5.0 
- 
6.0 


-T LOW = - 55°C 
for AL Device, 
-~40oC 
for ClIe? 
DeVice 


THIGH = 
+ 125°C 
for AL Device, 
+ 85°C 
for clIep 
DeVice 


Vcc 
VOO 
Limits 


Ch.ecteriltic 
Symbol 
Shifting 
Mod. 
Vd. 
Vd. 
Min 
Typ# 
M•• 
Units 


Propagation DeIlY. High to Low 
tpHL 
TTL-CMOS 
5.0 
10 
- 
140 
280 
n. 
Von> 
Vr.r. 
5.0 
15 
- 
140 
280 
CMOS 
CMOS 
5.0 
10 
120 
240 


VOO> 
VCC 
5.0 
15 
- 
120 
240 
10 
15 
- 
70 
140 
CMOS-CMOS 
10 
5.0 
- 
185 
370 


VCC> 
VOO 
15 
5.0 
- 
185 
370 
15 
10 
- 
175 
350 


Propagation OeIIY. Low to High 
IpLH 
TTL-CMOS 
5.0 
10 
- 
170 
340 
n. 
Yon 
> Vr.r. 
5.0 
15 
- 
160 
320 
CMOS-CMOS 
5.0 
10 
170 
340 


VOO> 
VCC 
5.0 
15 
- 
170 
340 
10 
15 
- 
100 
200 
CMOS-CMOS 
10 
5.0 
- 
275 
550 


VCC> 
VOO 
15 
5.0 
- 
275 
550 
15 
10 
- 
145 
290 


Output Rise and Fill Time 
tTLH. 
tTHL, 
ALL 
- 
5.0 
- 
100 
200 
n. 
- 
10 
- 
50 
100 
- 
15 
- 
40 
80 


u 
u 
" 
" 
~ 
~ 
.. 
6 
w 
6 
" 
" 
« 
« 
l- 
I- 
.J 
.J 
0 
0 
> 
> 
l- 
I- 
~ 
4 
Z 
4 
0 
0 
.. 
.. 
r 
3 
r 
0 
0 
l- 
I- 
~ 
~ 
Ul 
2 
Ul 
2 
l- 
I- 
Vee 
- 
5 V 
::> 
::> 
.. 
.. 
~ 
~ 
•. 
.. 


Ul 
Ul 
> 
0 
> 
0 
0 
5 
10 
15 
20 
0 
5 
'0 
15 
20 


Voo. 
SUPPLY 
VOLTAGE 
(Vdc) 
voa• 
SUPPLY 
VOLTAGE 
(Vdc) 


~ 
15 
~.. 
"«I- 
.J 
o> 
10 
> 
.J.... 
::> 
Ul 
g 
5 
> 


5 
10 
16 


Vcc. 
SUPPLY 
VOLTAGE 
(Vdc) 


5 
10 
15 


Vcc. 
SUPPLY 
VOLTAGE 
(Vdc) 


® MOTOROLA 


DUAL 
2-WIDE. 
2-INPUT 
EXPANDABLE 
AND-OR-INVERT 
GATE 


The MC14506UB 
is an expandable 
AND-OR-INVERT 
gate 
with 
inhibit 
and 
3-state 
output. 
The 
expand 
option 
allows 
cascading with 
any other gate, which 
may be carried as far as 
desired as long as the propagation delay added with each gate is 
considered. For example, the second AOI gate in this device may 
be used to expand the first 
gate, giving an expanded 
4-wide, 
2-input AOI gate. This device is useful in data control and digital 
multiplexing 
applications. 


• 
3-State Output 


• 
Separate Inhibit Line 


• 
Diode Protection 
on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TIL 
Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


Svmbol 
Par.met.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lio· 
lout 
Input or Output Current (DC or Transient). per Pin 
,,10 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead 
Temperature 
(S·Second 
Soldering) 
260 
·C 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature Derating: 
Plastic "p" 
Package: - 12mW/oCfrom 
65°C to 85°C 


Ceramic 
"L" 
Package: 
- 
12mW/oC 
from 
1DOoe 
to 
125°C 


Ee 
13 


De 
12 


Cs 
11 


Be 
10 


A8 
9 


DUAL 
EXPANDABLE 
AND-OR-INVERT 
GATE 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40°C 10 + 85°C 


MC14XXXUBCP 
(Plastic 
Package) 


MC14XXXUBCL 
(Ceramic 
Package) 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau· 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 
Vout) 
'" VOO' 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs 
must be left open. 


TRUTH 
TABLE 


A 
B 
C 
0 
E 
INHIBIT 
DISABLE 
Z 
0 
0 
0 
0 
1 
0 
0 
1 
0 
X 
0 
X 
1 
0 
0 
1 
0 
X 
X 
0 
1 
0 
0 
1 
X 
0 
0 
X 
1 
0 
0 
1 


X 
0 
X 
0 
1 
0 
0 
1 
1 
1 
X 
X 
X 
X 
0 
0 
x 
X 
1 
1 
X 
X 
0 
0 
x 
x 
X 
X 
0 
X 
0 
0 
x 
x 
X 
X 
X 
1 
0 
0 
X 
X 
X 
X 
X 
X 
1 
High 
Imp-.:t.nc. 


X = Don't Car. 
• 


Voo 
TI_ . 
25°C 
Th·•••• 
C••••__ 
1c 
Sy_ 
Vdc 
Min 
MI. 
Mi" 
Typ# 
Me. 
Min 
Me. 
Unit 
Output Voltage 
"0" LI•• ' 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vln - VOOor 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
"I" L••• , 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vln - OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input VOlt. 
"0" L.ve' 
V'L 
Vde 
(VO " 4.5 or 0.5 Vdc) 
5.0 
- 
1.0 
- 
2.25 
1.0 
- 
1.0 
IVO • 9.0 or 1.0 Vdc) 
10 
- 
2.0 
- 
4.50 
20 
- 
2.0 
IVO: 
13.5 or 1.5 Vdcl 
15 
- 
2.5 
- 
6.75 
2.5 
- 
2.5 


"1" 
Level 
V'H 
(VO • 0.5 or 4.5 Vdcl 
5.0 
4.0 
- 
4.0 
2.75 
- 
4.0 
- 
Vde 
evO' 
1.0 or 9.0Vdcl 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 
(VO· 
1.5 or 13.5 Vdcl 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Drive Cur"nt 
(Al 
Device) 
'OH 
mAde 
(VOH • 2.5 Vdc) 
Sourc. 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
IVOH '4.6 
Vdcl 
5.0 
-0.64 
- 
'-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL' 
0.4 Vdc) 
Sink 
tOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Ori•• Currlnt ICUCP eovlet) 
'OH 
mAde 


(VOH • 2.5 Vdcl 
Sourc. 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH' 4.8 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
IVOL • 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.38 
- 
mAde 
IVOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
3.8 
- 
3.0 
8.8 
- 
2.4 
- 


Input Curr.nt (Al D,vic.} 
lin 
15 
00.1 
- 
00.ססOO1 
00.1 
01.0 
••Adc 
Input Current (CL/CP O.viel) 
lin 
15 
- 
00.3 
.- 
00.ססOO1 
00.3 
- 
01.0 
••Adc 
Input Clpecit.nc. 
Cin 
- 
.. 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin' 
01 
Quiescent C"rr,nt (AL Device) 
'DO 
5.0 
1.0 
0.002 
1.0 
30 
••Ade 
(Per Pock.gol 
10 
- 
2.0 
- 
0.004 
2.0 
- 
60 
15 
- 
4.0 
- 
0.006 
4.0 
- 
120 
Quiescent Current tCLlCP Cevic.1 
'DO 
5.0 
- 
4.0 
- 
0.002 
4.0 
- 
30 
••Ade 


(Per Package) 
10 
- 
·8.0 
- 
0.004 
8.0 
- 
60 
15 
- 
16 
- 
0.006 
16 
- 
120 
Total Supply Current··t 
IT 
5.0 
'T' 
10.6••A/kHz) f + 'DO 
,.Adc 
CDynwnic 
plus 
Quiescent, 
10 
'T • 11.1••A/kHz) f + 'DO 
Per Pockage) 
15 
'T· 
I 1.7 ••A/kHz) f t 100 
leL ::50 pF on all outputs, 
all 
bu'f.rs 
switching) 


Three·Statt 
LeakageCurrent 
ITL 
15 
- 
00.1 
- 
'0.ססOO1 
00.1 
- 
.3.0 
JoIAdc 
(AL Device) 


Three·State 
Leakage Current 
ITL 
15 
- 
01.0 
- 
-0.ססOO1 
01.0 
- 
• 7.5 
••Ade 


ICLlep Devicel 


PIN ASSIGNMENT 


16 


2 
15 
3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


··The 
formul •• 
gl ••••n .r. 
tor the typical 
chareet.rletlee 
only al 2S-C. 


tTo 
calculata 
total 
aupply 
currant 
at loada 
other 
than 
50 pF: 


a..-1It1c 
Symbol 
VDD 
Mln 
Typ" 
••••• 
Unh 


Output 
Rise 
and 
Fall 
Time 
'TLH· 
no 


tTLH. 
tTHL 
= 
(1.5 
ns/pF) 
CL 
+ 
25 ns 
'THL 
6.0 
- 
lOa 
200 


tTLH, 
tTHl 
= (0.75 
ns/pF) 
CL 
+ 
12.5 
ns 
10 
- 
50 
lOa 


tTLH, 
tTHL 
= 
(0.55 
ns/pF) 
CL 
+ 
9.5 
ns 
16 
- 
40 
80 
ooto Pr~ion 
oolay Timo 
tPl.H 
no 
tPLH· 
11.7 ni/pFI CL + 210 nl 
6.0 
- 
295 
580 
tPLH • 10.66 nslpFI CL + 77 nl 
to 
- 
110 
225 
tpLH • (0.5 nl/pF) CL + 50 no 
15 
- 
75 
180 


tPHL - (1.7 nl/pF) CL + 185 nl 
tpHL 
6.0 
- 
270 
480 
nl 
tPHL - (0.66 nl/pF) CL + 62 nl 
10 
- 
95 
176 
tPHL· 
10.5 nl/pF) CL + 40 nl 
15 
- 
85 
140 


EXJ)8ndPr~tion 
DeilY Time 
tPLH 
no 
tPLH· 
(1.7 nl/pF) CL + 95 nl 
5.0 
- 
180 
430 
tpLH - 10.66 ni/pFI CL + 42 nl 
10 
- 
75 
160 
tPLH· 
10.5 nl/pF) CL + 25 os 
15 
- 
50 
125 


tPHL· 
11.7 ni/pFI CL + 115 ns 
tPHL 
5.0 
- 
200 
330 
no 
tPHL· 
(0.66 nl/pF) CL + 47 ns 
10 
- 
80 
110 
tPHL· 
(0.5 ns/pF) CL + 30 no 
15 
- 
66 
80 


Inhibit 
Propegetion 
DeilY Time 
tPLH 
no 
tpLH • (1.7 ns/pF I CL + 135 nl 
5.0 
- 
220 
500 
tpLH • (0.66 nl/pF) CL + 67 ns 
\0 
- 
100 
225 
tPLH· 
10.5 nl/pF) CL + 40 no 
15 
- 
66 
160 
tPHL· 
11.7 ni/pFI CL + 145 ns 
tpHL 
5.0 
- 
230 
400 
no 
tPHL· 
10.66 na/pFI CL + 62 ns 
10 
- 
86 
175 
tpHL· 
(0.5 ns/pF) CL + 35 nl 
16 
- 
60 
150 


3~St.te Pr~tion 
Detay Time 
"I" to High Impedon.,. 
tPHZ 
5.0 
- 
60 
150 
no 
10 
- 
45 
110 
15 
- 
35 
80 


"0" to High Impedance 
tpLZ 
5.0 
- 
80 
225 
no 
10 
- 
66 
140 
15 
- 
40 
'00 
High Impedance to "I" 
tPZH 
5.0 
- 
110 
300 
no 
10 
- 
50 
125 
15 
- 
40 
100 
High Impodonce to "0" 
tpZL 
5.0 
- 
170 
425 
no 
10 
- 
70 
175 
15 
- 
50 
125 
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60 
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. _VOO' 
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10 Vdc 
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Unused mpUI~ - 
I 
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5.0 


1 
VdC 
I 


SS 


I I- 
. 
b- 
~ 
TA"'+125UC 
,- 
b 
1A" 
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, TA'" -SSOC 


16 


VOO' 
15 Vd, 
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14 
TA" 
+2SoC 
TA' 
-550e 
~ 
11 
~ 
10Vd, 
'"~ 
10 . 
0 
8.0 
b 
>•... 
, 
=> 
I 
A .nd B connected 
to VIn 
~ 
60 
=> 
5.0Vd' 
En,bft input connecttd to 
0 
VOD. ather Inputs (onnl" 
g 
4.0 
lid to VSS. 
> 
10 


0 
0 
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16 
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~ 
u 
~ 
~ 
m 
U 
N 
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Vin,lNPUT 
VOLTAGE 
fVdd 


• 


Voo 


UI 


Voo 


16 
VOO 
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ZA 
AA 
eA 
CA 
'TL 


°A 
EA 
Ae 
ee 
Ce 
De 
Ee 


Oil 
Ze 


Voo 


16 


"00 


15 


"00 
Vout 
"00 


15 
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ZA 
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tPLZ 


52 
A 


JB 
Output 


-2.5VOVOO 
.• I5V. 


10 V,.net 
115 v 


{ 
- 
2"."00' 
6" 
•• 6 v. VOO" 
10 V 
10% 
•• 10 V • 
VOD 
.• 16 V 
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SI 
52 


tPLZ 
A 
A 
tpHZ 
B 
B 
tpZL 
A 
A 
tpZH 
B 
B 
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@MOTOROLA 


DUAL 4-BIT LATCH 


The MC14508B 
dual 4-bit latch is constructed with MOS P-chan- 
nel and N-channel 
enhancement 
mode devices in a single mono- 
lithic 
structure. 
The part consists of two identical, independent 4-bit 
latches with 
separate Strobe (ST) and Master Reset (MRI controls. 
Separate Disable inputs force the outputs 
to a high impedance state 
and allow the devices to be used in time sharing bus line applications. 
These complementary 
MOS latches find 
primary 
use in buffer 
storage, holding register, or general digital logic functions where low 
power dissipation 
and/or 
high noise immunity 
is desired. 


• 
3-State Output 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schollky TTL Load over the Rated Temperature 
Range. 


Symbol 
Perameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to 
+ 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOO 
+0.5 
V 


lin· 
lout 
Input 
or 
Output 
Current 
(DC 
or Transient), 
per 
Pin 
:!:.O 
mA 


Po 
Power 
Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
- 6510 
+ 150 
'C 


Tl 
lead Temperature (a-Second Soldering) 
260 
'C 


-Maximum Ratings are those values beyond which damage to the device may occur 
tTemperature Derating: 
Plastic ··P" Package: - 12mW'oC from 
65°C to 85°C 


Ceramic 
"L" 
Package: 
-12mWroC 
from 
.oooe 
to 
125°C 


TRUTH 
TABLE 


MR 
ST 
Disable 
03 
02 
01 
DO 
03 
02 
01 
00 


0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
0 
1 
0 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
X 
X 
X 
X 
Latched 
1 
X 
0 
X 
X 
)( 
X 
0 
010 
0 
X 
X 
1 
X 
X 
X 
X 
High Impedance 


I 
I 
I 


(To other 
three 
I.tches) 


~,w"" 
~ 
V~::~AMIC 
PACKAGE 
CASE623 


2.~ 
PSUFFIX 


. 
PLASTIC 
PACKAGE 
, 
CASE 
709 


C Series: 
- "O°C to + 85°C 


MC,4XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


BLOCK DIAGRAM 


1 
MA 
ao 
2 
ST 
3 
Di. 
01 
• 
00 
6 
01 
02 
9 


8 
02 
10 
03 
03 
11 


13 
MR 
17 
ao 
,. 
ST 
15 
Di. 
01 
19 
16 
00 
18 
0' 
02 
21 


20 
02 
22 
03 
03 
23 


\tOO - Pin 24 
VSS - Pin 12 


Voo 
Tlow. 
25°C 
Thi h· 
Characteristic 
Svmbol 
Vdc 
Min 
Max 
Min 
Typ # 
Max 
Min 
Max 
Unit 


Outpul 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


vin 
:: 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


."" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin 
= 
0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vol tage 
"a .. Level 
VIL 
Vdc 
(Va 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
{Va ~ 9.0 0' 1.0 VdcJ 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO:: 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
675 
4.0 
- 
4.0 


"1 ,. Level 
VIH 
(Va ~ 0.50,4.5 
Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
1.0 or 9.0 
Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va 
0 1 50,13.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
IOH 
mAde 
(VOH • 2.5 VdcJ 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 VdcJ 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


{VOH ·9.5 
VdcJ 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH· 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-88 
- 
-2.4 
- 


{VOL· 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 VdcJ 
10 
16 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL· 
1.5 VdcJ 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 


{VOH • 2.5 VdcJ 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH ·4.6 
Vdc! 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


{VOH ·95 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


{VOH • 13.5 VdcJ 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


{VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.3"6 
- 
mAde 


(VOL· 
0.5 Vdcl 
10 
13 
- 
1.1 
2.25 
0.9 
- 


{VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Devlcel 
lin 
15 
- 
,01 
- 
'000001 
±O 1 
- 
± 1,0 
IJAdc 


Input 
Current 
(CLlCP 
DeVice) 
I,n 
15 
,03 
to.ooool 
'03 
- 
, 1.0 
JlAdc 


Input 
Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V1n 
- 
01 


QUlescenl 
Current 
IAL 
DeVice) 
'DO 
50 
- 
50 
- 
0.005 
50 
- 
150 
,uAde 


(Per 
Package) 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


Ou,escent 
Current 
ICLlCP 
Devlcel 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
,!JAde 


(Per 
Package) 
10 
~ 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current·· 
t 
IT 
50 
IT'" 
(1.46 
.•..• 
A/kHzl 
f 
t 
100 
J,lAdc 


(DynamIC 
plus 
QUIescent. 
10 
IT • 12 91 ~A/kHlJ 
f + 100 


Per Package) 
15 
IT· 
1437 ~A/kHlJ 
f + 100 
ICL 
50 pF 
on 
all outputs. 
all 


buffers 
SV\lltchlng) 


Three·State 
Leakage 
Current 
In 
15 
- 
'01 
_. 
-000001 
! 0.1 
- 
,3.0 
,&lAde 


IAL 
DeVIce) 


Three·State 
Leakage 
Cur rent 
ITL 
15 
- 
! 1 0 
- 
-000001 
:t 1.0 
- 
n.5 
,&lAdc 


ICLlCP 
DeVIce) 


This device contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken to avoid applications 
of any voltage higher than maximum rated voltages to thiS high·impedance 
circuit. For proper operation. 
Vin and Vout should be constrained 
to the range VSS ~ (Vm or Vout) ~ VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., either VSS or VOO). Unused outputs must be left 
open. 
• 


• 


All Ty •••• 


C•••• _ioIic 
Symbol 
VDD 
Mln 
Typ ••• 
Max 
Unit 


Output Rise and Fall Time 
ITLH. 
nl 
tTLH. ITHL - 
(1.5 ns/pF) 
CL + 25 ns 
ITHL 
5.0 
- 
100 
200 
tTLH. tTHL = (0.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 
tTLH. tTHL 
= (0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time. On or MR to a 
tPLH. 
nl 


tPLH. 
tPHL' 
11.7 nolpFI 
CL + 135 nl 
tpHL 
5.0 
- 
220 
440 
tpLH. 
tpHL 
- 10.66 no!pFI 
CL + 67 nl 
10 
- 
90 
180 


tPLH. 
tPHL 
• 10.5 nl/pFI 
CL + 35 nl 
15 
- 
80 
120 


MIlOt••. R.-t 
Put. 
Width 
twH(R) 
5.0 
200 
100 
- 
nl 
10 
100 
50 
- 
16 
70 
35 
- 


Master Reset Removal Time 
trem 
5.0 
30 
-15 
- 
ns 
10 
25 
0 
- 
15 
20 
0 
- 


Strobe 
Put. 
Width 
twHISI 
6.0 
140 
70 
- 
nl 
10 
70 
35 
- 
15 
40 
20 
- 


Setup 
Time 
tou 
5.0 
50 
26 
- 
nl 
Data to Strobe 
10 
20 
10 
- 
15 
10 
5.0 
- 


Hold Time 
ti, 
6.0 
50 
20 
- 
no 
Strobe to Data 
10 
35 
10 
- 
15 
35 
10 
- 


3-State 
Propagation 
Delay Time 
tPHZ 
nl 
Output 
"1" to High Impedonce 


5.0 
- 
55 
170 
10 
- 
35 
~OO 
15 
- 
30 
70 
Output 
"0" to High Impedonce 
tPLZ 
5.0 
- 
75 
170 
10 
- 
40 
100 
15 
- 
35 
70 


High Impedsnce 
to "1" 
L_I 
tPZH 
6.0 
- 
80 
170 
10 
- 
35 
100 
15 
- 
30 
70 
High Impeds •••• to "0" 
Lowt 
tpZL 
5.0 
- 
105 
210 
10 
- 
50 
100 
15 
- 
35 
70 


Y3e= 


WHlAI 


VOO 
Master 
Aeset 
Input 
50% 
VSS 


On 
OutPut 
\. 
;- 
VO 


H 
L-.I---- 
VOL 


Voo 


00 
tvoo 


STl 


02 


03 


VSS 
ST2 


-=- 
J. 


TEST 
STl 
ST2 
STJ 
ST4 


tPHZ 
OPEN 
CLOSE 
CLOSE 
OPEN 


'PLZ 
CLOSE 
OPEN 
OPEN 
CLOSE 


'PZL 
CLOSE 
OPEN 
OPEN 
CLOSE 


tpZH 
OPEN 
CLOSE 
CLOSE 
OPEN 


"""2.5 V • 
Voo 
z 5 v. 
E ""..~"" 


"= 
2"0"00= 
5V 


{ """ 
6 V lI> V,Oo 
•• 10 V 


"11010"·"00"15\1 


10"" 
VOL 
• 


• 


HTATE MODEOF OPERATION 
The MC141iOl1B_ 
be .- 
in bu_ 
sylt_ 
.1 _no 


The outPUt termini•• of H ~ 
IM_ 
eM be dlr_ly 
wiredto • 
buI llno. Md. to one of tho 4-bit Iot__ 
ed. Tho .I«ted 
lot"" controll tho ••••Ic Itlll of tho bUl llno•• nd tho romolning 
IH·ll4-1>ItIot_ 
••.•d_1Id 
into. high"'-10_ 
"off" It.t •. 
The nu_ 
of Iot_. 
H, which moybe connectedto • bUilino II 
dot•. mlned from tho output drlw current. 100. tho 3«_ 
or 
d_1Id 
output •• ~ 
current, 'TL•• nd tho IoId current. IL. 
roquiNd to drlw tho buliino (includingfonout to _ 
dlvicl 
Inputll Md eM be colculotedby tho following: 


H _ 100 -IL 
+ 1 


ITL 


N mult 
be CIIlcul.ted few both high end low logic s~tes of the 
bulline. 


TYPICAL3-STATE APPLICATIONS 


EXAMPLE1 


00 
--=: 


MC;~OI 


'DO 
- 
-'TL 


1/2 
MC1.0I1 


'TL •..• 


~ 


1/2 
iMC1.0I1 


'TL- 
'Ll 
t IL 
~ 


BUS LINES 


® MOTOROLA 


BCD UP/DOWN 
COUNTER 


The MC1451 DB synchronous 
up/down 
BCD counter 
is con- 
structed with MOS P-channel and N-channel enhancement 
mode 
devices in a monolithic structure. The counter consists of type D 
flip-flop stages with a gating structure 
to provide type T flip-flop 
capability. 


This counter 
can be preset 
by applying 
the desired 
value in 
BCD to the Preset inputs (P1, P2, P3, P4) and then bringing the 
Preset Enable (PEl high. The direction of counting is controlled by 
applying a high (for up counting) 
or a low (for down counting) 
to 
the UP/DOWN 
input. The state of the counter 
changes 
on the 
positive transition of the clock input. 


ccscading 
can be accomplished 
by connecting the Carry Out to 
the 
arry In of the next stage while clocking each counter in par- 
allel. The ouputs (01, 02, 03, 04) can be reset to a low state by 
applying a high to the Reset (R) pin. 


This CMOS counter finds primary use in up/down and difference 
counting. 
Other applications 
include: 
(1) Frequency 
synthesizer 
applications where low power dissipation 
and/or high noise immu- 
nity is desired, 
(2) Analog-to-digital 
and digital-to-analog 
conver- 
sions, and (3) Magnitude and sign generation. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Internally Synchronous for High Speed 


• 
Logic Edge-Clocked Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving 
Two Low-power TTL Loads or One Low- 
power Schottky TTL Load Over the Rated Temperature Range. 


Symbol 
Per.met.r 
Velue 
Unit 


VOO 
DC 
Supply 
Voltage 
- 0.5 to + 18.0 
V 


Vin, 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
-0.5 
to VOD +0.5 
V 


lin, 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
+10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tstn 
Storage Temperature 
-65 to + 150 
·C 


Tl 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
·C 


·Maxlmum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
PlastiC 
"P" 
Package: 
- 12mWrC 
from 
65 


DC 
to 85°C 
Ceramic "l" 
Package: -12mWrC 
from IOODe to 125°C 


--- 
Pr ••• 
1 
C.rry 
In 
Up/Down 
En8bl. 
R ••• 
t 
Clock 
Action 


1 
X 
0 
0 
X 
No 
Count 


0 
1 
0 
0 
~ 
Count 
Up 


0 
0 
0 
0 
~ 
Count 
Down 


X 
X 
1 
0 
X 
Preset 


X 
- 


X 
X 
1 
X 
Reset 


x = 
Don't 
Care 


Note: 
When 
counting 
up, 
the 
~ 
signal 
is normally 
high, 
and 
is low only 
when 


01 
and 
Q4 are 
high 
and 
~ 
is low. 
When 
counting 
down, 
~ 
is low 


only 
when 
01 
through 
04 
and 
~ 
are 
low 


(LOW-POWER 
COMPLEMENTARY 
MOSI 


BCD UP/DOWN 
COUNTER 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 
CASE Me 


C Series 
- 40 


DC 
to + 8S 


DC 


MC 14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK 
DIAGRAM 


PE 
01 
6 
e••.. 
ry In 


•• 
02 
11 


Up/Oown 
15 
Clock 
03 
14 


4 
P1 
12 
P2 
04 


13 
P3 


P4 
C~ 
Out 


VOO - Pin 16 
VSS· 
Pin 8 


This device 
contains 
protection 
circuitry 
to 


guard 
against 
damage 
due 
to 
high 
static 


voltages or electric 
fields, 
However, precau· 


tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
:!J;;; 
(Vin 
or 


Vout) 
'" 
VOO' 


Unused inputs must always be tied to an ap· 
propriate logic voltage level (e.g'" either VSS 
or VOO)' Unused outputs 
must be left open, 


• 


• 


Voo 
TI_ . 
25°C 
Th'''''' 


C••••_iltic 
Symbol 
Vd. 
Min 
Me. 
Min 
Typ" 
Mo. 
MI" 
Me. 
Unit 


Output Voltage 
"0" Le..,1 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 
Vin:' 
VODorO 
10 
- 
0.05 
.. 
0 
0.05 
- 
0.05 
15 
.. 
0.05 
- 
0 
0.05 
- 
0.05 


"I" Le..,1 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vd. 
Vin"'OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
.. 


15 
14.95 
- 
14.95 
15 
- 
14.95 
.. 


InputVoUege 
"0" Level 
VIL 
Vd. 
(VO = 4.5 or 0.5 Vdcl 
5.0 
.. 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"1" Level 
VIH 
(VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
.. 
3.5 
- 
Vd. 
(VO • 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
tAL nevice) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (CUep Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-42 
- 
-1.70 
.. 


(VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.6 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
.. 
2.4 
- 


Inpur Current 
tAL Device. 
lin 
15 
to.l 
- 
to.OOOOl 
to.l 
- 
t 1.0 
~Adc 


Input Current Cel/ep 
Device) 
lin 
15 
- 
t03 
... 
to.Ooo01 
t.0.3 
- 
:!:1.0 
~Adc 


It-put CePKitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
.. 
- 
pF 


(Vi"' 
01 


Quiescent Current 
fAl 
Device) 
100 
5.0 
- 
5.0 
- 
0.006 
5.0 
- 
150 
~Adc 


(Per 
Package) 
10 
- 
10 
.. 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
.. 
600 


Quiescent Current 
(CUep Deva) 
100 
5.0 
- 
20 
- 
0.006 
20 
- 
150 
J,lAdc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
.. 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··t 
IT 
5.0 
IT' 
10.58 ••AlkHz) 
f + 100 
".Adc 
{Dynamic 
plus Quiescent, 
10 
IT - (1.2 ••A/kHr) 
f + 100 


Per 
Package) 
15 
IT' 
(1.7 ••AlkHz) 
f + 100 
teL'" 
50 pF on all outputs. all 
buffers switching) 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


12 


6 
11 


10 


8 
9 


All Typ •• 


Ch.r.cterletlc 
Symbol 
VOO 
Mln 
Typ '" 
M•• 
Unit 


Output 
Rise 
and 
Fall 
Time 
'TLH, 
ns 


tTLH. 
tTHL:: 
(1,5 
ns/pF) 
CL + 25 
os 
'THL 
50 
- 
100 
200 


'TLH. 
tTHL:: 
(0.75 
nS/pF) 
CL + 12.5 
os 
10 
- 
50 
100 


lTLH. 
tTHL:: 
(0.55 
ns/pF) 
CL + 9.5 
os 
15 
- 
40 
80 


Propagation Delay Time 
tPLH, 
ns 
Clock to Q 
tpHL 
lpLH. 
tpHL 
= 
(1.7 
nS/pF) 
CL 
+ 
230 
ns 
5.0 
- 
315 
630 
IpLH. 
tpHl 
= 
(0.66 
ns/pF) 
CL 
+ 
97 ns 
10 
- 
130 
260 


tpLH. 
tpHL 
= 
(0.5 
nS/pF) 
CL 
+ 
75 
ns 
15 
- 
100 
200 


Clock 
to Carry 
Out 
tpLH, 
ns 


tplH. 
tPHL 
= (1.7 
ns/pF) 
CL 
+ 
230 
os 
'PHL 
5.0 
- 
315 
630 
IplH. 
IpHL 
= (0.66 ns/pF) 
CL + 
97 os 
10 
- 
130 
260 
tpLH. 
tPHL 
= 
(0.5 
ns/pF) 
Cl 
+ 
75 os 
15 
- 
100 
200 


Carry 
In to Carry 
Out 
IPLH, 
ns 
tplH. 
tPHl 
= 
(1.7 ns/pF) CL + 230 os 
tPHl 
5.0 
- 
180 
360 


IPLH. 
tPHL 
= 
(0.66 
ns/pF) 
CL 
+ 
47 
ns 
10 
- 
80 
160 
IpLH. tpHl 
= 
(0.5 
nS/pF) Cl 
+ 35 ns 
15 
- 
60 
120 


Preset 
or Reset 
to Q 
tpLH, 
ns 


IpLH. 
tpHl 
= 
(1.7 
nS/pF) 
CL 
+ 
230 
ns 
'PHL 
5.0 
- 
315 
630 
tpLH. 
tpHL 
= 
(0.66 
nsJpF) 
CL 
+ 
97 
os 
10 
- 
130 
260 


tpLH. 
tpHL 
= 
(0.5 
ns/pF) 
Cl 
+ 
75 ns 
15 
- 
100 
200 


Preset 
or Reset 
to Carry 
Out 
tplH. 
ns 
tplH. 
tpHl 
= 
(1.7 
nstpF) 
Cl 
+ 
465 
ns 
tpHl 
5.0 
- 
550 
1100 


tplH. 
tpHl 
= 
(0.66 
nstpF) 
Cl 
+ 
192 
ns 
10 
- 
225 
450 


tplH. 
tpHl 
= 
(0.5 
nstpF) 
Cl 
+ 
125 
ns 
15 
- 
150 
300 


Reset 
Pulse 
Width 
tW(H) 
5.0 
360 
180 
- 
ns 


10 
210 
105 
- 
15 
160 
80 
- 


Clock 
Pulse 
Width 
'w(H) 
5.0 
350 
200 
- 
ns 
10 
170 
100 
-- 
15 
140 
75 
- 


Clock 
Pulse 
Frequency 
lei 
5.0 
- 
3.0 
1.5 
MHz 


10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Preset 
or Reset 
Removal 
Time 
trem 
5.0 
650 
325 
- 
ns 
The 
Preset 
or Reset 
Signal 
must 
be 
low prior 
to a 
10 
230 
115 
- 
positive-going 
transition 
of the 
clock. 
15 
180 
90 
- 


Clock 
Rise 
and 
Fall 
Time 
tTlH. 
5.0 
- 
- 
15 
"s 
tTHl 
'0 
- 
- 
5 
15 
- 
- 
4 


Setup 
Time 
'su 
5.0 
260 
130 
- 
ns 


Carry 
In to Clock 
10 
120 
60 
- 
15 
100 
50 
- 


Hold 
Time 
'h 
5.0 
0 
-50 
- 
ns 


Clock 
to Carry 
In 
10 
10 
-15 
- 


15 
10 
-5 
- 


Setup 
Time 
'su 
5.0 
500 
250 
- 
ns 
Up/Down 
to Clock 
10 
200 
100 
- 
15 
175 
75 
- 


Hold 
Time 
'h 
5.0 
-70 
-140 
- 
ns 


Clock 
to UptDown 
10 
-30 
-80 
- 
15 
-20 
-50 
- 


Setup 
Time 
'su 
5.0 
-50 
-100 
- 
ns 
Pn to PE 
10 
-30 
-65 
- 
15 
-25 
-55 
- 


Hold 
Time 
'h 
5.0 
480 
240 
- 
ns 
PE to Pn 
10 
410 
205 
- 
15 
410 
205 
- 


Preset 
Enable 
Pulse 
Width 
'WH 
5.0 
200 
100 
- 
ns 
10 
100 
50 
- 
15 
80 
40 
- 
II 


PrODr.mm.ble 
Pulse 
Generator 


PE 
01 
~ 
R 
02 


Up/Down 


Clock 
03 
• 


Ca"y 
In or 
VOO 
Up/Down 
VSS 


Clock 
VOO 


"'SS 


Pr.-t 
Enable 
VOO 


VSS 


tTLH 


Q1 or c;;:;v-o;:;t 
VaH 


VOL 


tPLH 


Voo 


Reset 
Vss 


tW(H) 


• 


• 


P1, P2, P3, P4, Preset 
Inputs 
(Pins 
4, 12, 13, 3)- 
Data on these inputs is loaded into the counter when PE 
is g'ken ~igh. 
arry 
n, (Pin 
5) - 
Active-low input used when cas- 
cading stages. 
Usually connected 
to Carry Out of the 
previous stage. While high, clock is inhibited. 
Clock, 
(PIn 
15) - 
BCD data 
is incremented 
or 
decremented, 
depending 
on the direction 
of count, on 
the positive transition of this signal. 


PE, Preset 
Enable 
(Pin 
1) - 
Asynchronously 
loads 
data on the Preset Inputs. This pin is active high and will 
inhibit the clock when high. 
R, Reset, 
(Pin 
9) - 
Asynchronously 
resets the 0 
outputs to a low state. This pin is active high and will 
inhibit the clock when high. 
Up/Down, 
(Pin 
10) 
- 
Controls 
the 
direction 
of 
count: high for up count, low for down count. 


01,02,03,04, 
BCD outputs 
(PIns 6, 11, 14, 2)- 
BCD data is present on these outputs with 01 
corre- 
sponding to the least significant bit. 
Carry 
Out, 
(PIn 7) - 
Used when cascading stages, 
this pin is usually connected 
to Carry 
In of the next 
stage. This synchronous 
output is active low and may 
also be used to indicate terminal count. 


VSS, 
Negative 
Supply 
Voltage, 
(Pin 
8) - 
This 
pin is usually connected to ground. 
VDD, 
Positive 
Supply 
Voltage, 
(Pin 
16) - 
This 
pin is connected 
to a positive 
supply voltage 
ranging 
from 3.0 Vdc to 18.0 Vdc. 


01 
02 
03 
o. 
as 
06 
07 
08 


Pr•• 
t 
Eneb_ 
0- Count 


1- Pr_t 
~ 
~ 
Terminal 
Cin 
c: 
Count 
.,.. 
Clock 
L.S.O . 
M.S.O. 
Indicator 
1.'Up 
MC1•• 10B 
MC1•• l0S 
UfO 
0- 
Down 


P2 
P3 
P. 


Clock 
+VOO A•• 
t 


Open - Count 


Note: 
The least 
Significant Digit (L.S.D.) counts from a preset value once Preset Enable (PE) goes low. The Most Signifi- 
cant Digit (M.S.D.) does not change while Cin is high. When the count of the L.S.D. reaches 0 (count down mode) or 
reaches 
9 (count 
up mode), 
Cout 
goes 
low 
for 
one 
complete 
clock 
cycle, 
thus 
allowing 
the 
next 
counter 
to 
decrement/increment 
one count. The L.S.D. now counts through another cycle (10 clock pulses) and the above cycle is 
repeated. 


I 


Clock Lh.J1.. "1... "1...Lh- "1...L..L "1.. LJIt- rL "1.. L..LIU "1...L..Lh-h-LLIU L.. 


Up/Down 


Carry 
tn 
I 
1 
(MSD) 
~ 
I 
'-- 
I r 
- 
PE , 
I 
- -, 
I 
, 


P8 
I 
I 
I 
i 
I I 
I 


P7 .L 
~ 
I I 
I 
I 
I 


P6 
- 
; 
I I 
I 
I 
I 
I 
I 


P5 
I 
I 
I 


I 
! 
I I 
I 


I 
I 
P4 
I 
I 


I 
I 
I 


P3 
I 


I 
II 
I 


I 
1 I 
I 
I 
P2 
I 
I 
, 
I I 
I 
II 
I 
I 
I 
P' 
I 
--I 
I 
1 
Carry 
Out 
I 
I I 
I 
I 
~ 


(MSD) 
I 
- 


08 
1 
I 
I 


1 
I 
I 
: 
07 
: 
I 
II 
: 
I 
06 
I 
; 
I 
I 
, 


05 
I 
I 
I 
I 
I 


04 t:- r-- 
I 
- ---, 
: I 
I 
r--- 
I 
I 


: 
I 
I 
03 +- 


I I 
I 
rJ- 


02 
W- 
II 
I 
I 
+- 


I 


0' 
I-- - 
~ 
,- 
--- I I 
1- 
- 
- W- I-- +-n 
- 
- 
'-- 
I - 
'-- 
~ 
r-- - 


Carry 
Out 
I 
I 
I I 
I 
J 
1 


(LSD) 


I 
"""- 
1 
L._ 
I 
- 


Reset 
, 
II 
I 
1 
I 


16 
17 
6 
161 
91 
10 
10 


I 


unt MSD 
6 
6 
7 
7 
7 
7 
7 
7 
6 
6 
9 
9 
9 
9 
0 
0 
0 
0 
0 
0 


unt 
LSD 
17 
8 
9 
0 
, 
2 
13 
2 
, 
0 
9 
8 
71 
161 
6 
61 
7 
8 
9 
0 
, 
12 , 
1 
0 
1 
0 
0 


I 
I 
II 
1 


, 


I 
I 
I 
I 
I 
II 
Preset 
I, 
I 


~ 
Preset 
Enable 
I 
~I 
I 
l..Reset..J 


I 
I 
Enable 
! 
I 
Down 
I 
I 
I 
I 
Count 


,....-- 
Up 
Count 
-,,, 
Down 
Count 
"I" 
Up 
Count 
II • 
-I • 
Up Count----t • 


II 


~ 
~ 


Clock 
M.S.D. 
MC1.510B 
U/D 


ApI 
P2 
P3 
P. 


CloCk 
(fin) 


-A;;., 


+VOD 


Open - 
Count 


+voo 


Thumbwh •• l Switch •• 
(Open for "0") 
Rnistor. - 10k n 


fin 


f 
out 
- 
'" 


Note: The programmable 
frequency 
divider 
can be set by applying 
the desired 
divide 
ratio, 
in BCD, to the preset 
inputs. 
For example, 
the maximum 
divide 
ratio of 99 may be obtained 
by applying 
a 10011001 
to the preset 
inputs 
PO to P7. For 
this divide operation, 
both counters 
should 
be configured 
in the count down mode. The divide 
ratio of zero is an undefined 
state and should 
be avoided. 


® MOTOROLA 


The MC14512B is an 8-channel data selector constructed with 
MOS P-channel and N-channel enhancement mode devices in a 
single monolithic 
structure_ This data selector finds primary appli- 


cation in signal multiplexing 
functions. 
It may also be used for 
data routing, digital 
signal switching, signal gating, and number 


sequence 
generation. 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation 
• 
3-StateOutput (logiC "1 ", logic "0", High Impedance) 
• 
Supply Voltage Range; 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two low-power TTl 
loads or One low-power 
SchottkyTTl load Over the RatedTemperatureRange 


Symbol 
Paramet.r 
Value 
Unit 


VDD 
DC 
Supply 
Voltage 
- 0.510 
+ 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
lout 
Input 
or 
Output 
Current 
"(DC 
or Transient), 
per 
Pin 
",10 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Ts'o 
Storage Temperature 
-6510 
+150 
·C 


Tl 
Lead 
Temperature 
(8·Second 
Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
-12mWrc 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mW/oC 
from 
loDge 
to 
125°C 


C 
B 
A 
INHIBIT 
DISABLE 
Z 


0 
0 
0 
0 
0 
xo 
0 
0 
, 
0 
0 
Xl 
0 
, 
0 
0 
0 
X2 
0 
, 
, 
0 
0 
X3 
, 
0 
0 
0 
0 
X4 
, 
0 
, 
0 
0 
X5 
, 
, 
0 
0 
0 
X6 
, 
, 
, 
0 
0 
X7 


X 
X 
X 
, 
0 
0 


x 
X 
x 
x 
, 
High 
Impedance 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40 


QC 
to 
+ 8S 


QC 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages or electric 
fields. 
However, precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
::s; (Vin 
or 


You') 
" 
VOO· 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g .• either VSS 
or Vaa). 
Unused outputs 
must be left open. 


• 


• 


Voo 
TI_ . 
2lI0C 
Till_ • 
CN••••• _ 
Srmbol 
VcIc 
Min 
M••• 
Min 
Typ ••• 
M8ll 
Mln 
Mo. 
Unit 


Output VolWgl 
"0" L_I 
VOL 
5.0 
0.05 
- 
0 
0.05 
0.0& 
Vde 


Vin· 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
0 
0.05 
- 
0.05 


"I" L•••• 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
VcIc 


Vin -0 or VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input Volt. 
"0" L_I 
VIL 
Vde 
(VO - 4.5 or 0.5 VcIc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO - 9.0 or 1.0 VcIc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO -13.5 or 1.5 VcIc) 
15 
- 
4.0 
- 
8.75 
4.0 
- 
'4.0 


"I" Lowl 
VIH 
Vde 
(VO - 0.5 or 4.5 Vde) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO - 1.0 or 9.0 Vde) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO -1.50r 
13.5 Vde) 
·15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 
Output Dri•• Curront (AL Devico) 
10H 
mAde 
(VOH- 2.5 Vde) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH- 4.8 Vde) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH - 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH - 13.5 Vde) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL - 0.4 Vdel 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.38 
- 
mAde 
(VOL - 0.5 Vde) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vde) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Dri•• Curront (CL/CP Devico) 
10H 
mAde 
(VOH- 2.5 Vde) 
Sourco 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH - 4.8 Vdei 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vdel 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vdel 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL - 0.4 Vde) 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VoL.- 0.5 Vde) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL-1.5 
Vdel 
15 
3.8 
- 
3.0 
8".8 
- 
2.4 
- 
Input Curront (AL Devico) 
lin 
15 
- 
to.l 
- 
to.ooool 
to.l 
- 
t 1.0 
"Ade 
Input Curront (CUCP Devico) 
lin 
15 
- 
to.3 
- 
to.ooool 
to.3 
- 
tl.0 
"Ade 
Input e-itonco 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin -O) 


Quiescent 
Current 
(AL 
DevM::e) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
"Ade 
(PwrPec,,-) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
800 
Ou_nt 
Curront (CL/CP Device) 
100 
5.0 
- 
·20 
- 
0.005 
20 
- 
150 
,.Ade 
(PorPeck.) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
800 
Total Supply Current--t 
IT 
5.0 
IT - (0.8 "A/kHzlf + 100 
"Ade 
(Dyn_ic 
plul Ouieocent, PwrPec,,-) 
10 
IT - (1.6 "AlkHz)f + 100 
(CL - 50 pF on oil outputl, oilbuffo•• 
15 
IT - (2.4 "A/kHzlf + 100 
awitching) 
'- 


TIlroo.stoto L•• ,,- 
Curront 
ITL 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
t3.o 
,.Ade 
(AL Device) 
TIlroo.s_ 
L•• ,,- 
Curront 
ITL 
15 
- 
tl.0 
- 
to.ooool 
t 1.0 
- 
t7.5 
"AcIc 
(CUCP Device) 


All Types 


Ch.r.cterlsUc 
Symbol 
VOO 
Typ 11 
Mox 
Unit 


Output 
Rise 
and 
Fall 
Time 
tTLH, 
ns 
tTLH. 
tTHL 
= (1.5 
ns/pF) 
CL + 25 
ns 
tTHL 
5.0 
100 
200 
tTLH, 
tTHL 
= (0.75 
ns/pF) 
CL + 12.5 
ns 
10 
50 
100 
tTLH, 
tTHL 
= (0.55 
ns/pF) 
CL + 9.5 
ns 
15 
40 
80 


Propagation 
Delay 
Time 
(Figure 
2) 
tpLH 
ns 
Inhibit, 
Control, 
or 
Data 
to Z 
5.0 
330 
650 
10 
125 
250 
15 
85 
170 


Propagation 
Delay 
Time 
(Figure 
2) 
IPHL 
ns 


Inhibit, 
Control, 
or 
Data 
to Z 
5.0 
330 
650 
10 
125 
250 
- 


15 
85 
170 


3-State 
Output 
Delay 
Times 
(Figure 
3) 
IpHZ. 
tpLZ. 
5.0 
60 
150 
ns 


"'" 
or 
"0" 
10 High 
Z. and 
tpZH. 
tPZL 
10 
35 
100 


High 
Z to "'" 
or "0" 
15 
30 
75 


Test 
Conditions: 


Inhibit 
= 
VSS 
A, S, C = 
VSS 


A, S, C 
= 
VSS, 
Xo 
= VOO 


Inh=VSS· 
XO=VOO 
• 


1 
OutPut 


- 
VSS 


Switch 
POlitions 
for 3,Slet. 
Tnt 


TEST 


tpHZ 


tpLZ 
tpZL 
tpZH 


Open 


CloNd 


Clo.ed 


Open 


Closed 
Open 
Open 
Clo.ed 


CIONd 
Open 
Open 


Clo.ed 


13 
C 
12 
8 
11 
15 
A 
Diuble 
1 
XO 
10 


Inhibit 
2 
VOO 
Xl 


3 
~ 
X2 
• 
YO·z 
X3 


5 


~ 


X. 


II 
X5 


1 
VSS 
• 


Xli 


9 
X1 


tpZL 


90" 
VOH 


VOl{~2.5V.VDO- 
5V, 


tPZH 
10V.and15V 


{ 


•• 
2V.VOO" 
5V 
VOH 
_ 
6VOVOO=-10V 
10% 
--10V.VOO~-15V 
---VOL 


Open 


CIOMd 


CIOMd 
Open 


I 
3-STATE 
MODE 
OF OPERATION 


Output t,rminals 
of leveral MC145128 
8·Bit 
Data 
Selecton 
can 
be 
connected 
to 
8 single 
data 
bus 
as 
shown. 
One 
MC,4512B 
i, _IKted 
by the 
3·state 
control. 
and the remaining deYtc.s .r. 
diUbled into 8 high -impedance"off" 
state. 
The number 
of 8-bit 
data selectors. 
N. that 
mlY be connected 
to 8 bus line' 


is determined ~from the output drive 
current, 
100. 
3-lt8'8 
or disable 
output 
leakage 
curr.nt. 
'TL. 
and 
the 
loed 
current, 
I L. 
required 
to 
drive 
the 
bus 
lin. 
(including fanout to other device 
inputs). 
and can be calculated 
by: 


N. 
100 -IL+ 
1 
• 
ITL 


N must 
be calculated 
for both 
high and 
low logic state of the bus Iin•. 


® MOTOROLA 
MC14514B 
MC14515B 


4-BIT 
TRANSPARENT 
lATCH/4- 
TO-16 
LINE DECODER 


The MC145148 and MC145158 are two output options of a 4 to 
16 line decoder with latched in~uts. The MC145148 (output active 
high option) 
presents a logical "1" 
at the selected output, whereas 
the MC145158 (output active low option) presents a logical "0" at 
the selected output. The latch"s are R·S type flip·flops which hold 
the last input data presented prior to the strobe transition from ",.' 
to "0". 
These high and low options of a 4·bit latch/4 to 16 line de· 


coder are constructed with N·channel and P·channel enhancement 
mode devices in a single monolithic 
structure. The latches are R·S 
type flip·flops 
and data is admitted upon a signal incident at the 
strobe input, decoded, and presented at the output. 


These complementary "ircuits 
find primary usein decoding appli· 


cations where low power dissipation and/or 
high noise immunity 
is 
desired. 


4-81T TRANSPARENT lATCH/4-TO-' 
6 
LINE DECODER 


,.~~Fntri 


1 l" 


L SUffiX 


CERAMIC 
PACKAGE 


CASE 
623 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads or One Low·power 
SchottkyTTL Load Over the RatedTemperatureRange 


~ 


u 


24 


1 


Symbol 
Per. meter 
Velue 
Unit 


"DD 
DC Supply Voltage 
-0.510 
+ 18.0 
" 
Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
" 
lin· 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
,,10 
mA 


PD 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-6510+150 
'C 


TL 
Lead Temperature (a-Second Soldering) 
260 
'C 


P SUffiX 
PLASTIC 
PACKAGE 
CASE 
709 


C Series' 
- 4QoC to 
+ 85°G 


Me 14XXXBCP 
(Plastic 
Package) 


Me 14XXXBCL 
(Ceramic 
Package) 
*Maximum 
Ratings 
81e those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
- 
12mW/oC 
from 
65°C 
to 85°C 


Ceramic 
·'L" 
Package: 
- 
12mWrC 
from 
1DO°C 
to 
125°C 


BLOCK 
DIAGRAM 
50 
ABeD 


51 
ABeD 
VDD'" 
Pin 2. 
52 
ABeD 
VSS:£Pin 
12 
53 
ABC 
D 


S4 
ABCD 


O.t.l 
A 
S5 
ABCD 


3 
ransparen 
B 
S6 
ABCD 
0.t.2 
4 to 16 
57 
ABCD 
21· 
Latch 
C 
Decoder 
58 
ABeD 
0.t.3 


22 
D 
59 
ABeD 
0.t.4 
510 
A Be 
0 


511 
ABeD 


Strobe 
512 
ABCO 


513 
ABCD 


5'4 
ABCD 


515 
ABCO 


Inhibit 
23 


DATA 
INPUTS 
SELECTED 
OUTPUT 


MC14514" 
LogiC "1" 


INHIBIT 
D 
C 
B 
A 
MC1451S" 
Logic 
"0" 


0 
0 
0 
0 
0 
50 
0 
0 
0 
0 
1 
51 
0 
0 
0 
1 
0 
52 
0 
0 
0 
1 
1 
53 


0 
0 
1 
0 
0 
54 
0 
0 
1 
0 
1 
55 
0 
0 
1 
1 
0 
56 
0 
0 
1 
1 
1 
S7 


0 
1 
0 
0 
0 
58 
0 
1 
0 
0 
1 
59 
0 
1 
0 
1 
0 
510 
0 
1 
0 
1 
1 
S11 


0 
1 
1 
0 
0 
S12 
0 
1 
1 
0 
1 
513 
0 
1 
1 
1 
0 
S14 
0 
1 
1 
1 
, 
515 


1 
X 
X 
X 
X 
All Outputs-O,MC14S14 
All Outputs'" 
I.MCI4S15 • 


Voo 
TI_ . 
25"<: 
Th·•• • 
ChM_istic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ" 
M•• 
Mln 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vde 
Vin::: VODora 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"I" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin",OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
VIL 
Vdc 
(VO : 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO • 13.5 or 1.5 Vdel 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
Level 
VIH 
Vde 


(VO = 0.5 Of 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO' 
1.0 Of 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
. - 
11.0 
- 


Output 
Drive Current 
(Al 
Device) 
IOH 
mAde 
(VOH = 2.6 Vdel 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH = 4.6 Vdc:1 
5.0 
.-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 Vdel 
10 
.-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL - 0.5 Vdel 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CL/CP 
Device) 
IOH 
mAde 
(VOH - 2.5 Vdel 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 
(VOH = 4.6 Vdel 
5.0 
-0.2 
- 
-0.16 
.-0.36 
- 
-0.12 
- 
(VOH - 9.5 Vdel 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 
(VOH' 
13.5 Vdel 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdel 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdel 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(Al 
Devtcet 
lin 
15 
- 
10.1 
- 
10.ססOO1 
10.1 
- 
11.0 
#lAde 


Input 
Current 
ICL/CP 
Device) 
lin 
15 
- 
10.3 
- 
10.00001 
to.3 
- 
11.0 
"Ade 


Input 
Capacitance 
Cjn 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin' 
01 


Quiescent Current 
IAL Devtcel 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IlAdc 
(Per Packagel 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP 
Devtcei 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,.,.Adc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
Q.015 
80 
- 
600 
Total 
Supply 
Current-· 
t 
IT 
5.0 
IT =(1.35 
"A/kHzl 
f + 100 
,..Adc 
(Dynamic plus Quiescent. 
10 
IT :(2.70 
"A/kHzl 
,+ 
100 
Per Packagel 
15 
IT =(4.05 
"A/kHzl 
, + '00 
tel:: 
50 pF on all output$. 
all 
buffers switching) 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high 
static voltages 
or electric 
fields. 
However. 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated voltages 
to this 
high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to 
the 
renge 
VSS 
'" (Vin or Vout) 
'" VOO' 
Unused inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g., 


either 
VSS 
or VOO)' 
Unused 
outputs 
must 
be left open. 


AIITy_ 


ChwKteriltic 
Symbol 
VOO 
Min 
Typ '" 
Max 
Unit 


Output Rise Time 
'TLH 
n. 


'TLH 
= (3.0 n./pFI 
CL + 30 n. 
5.0 
- 
180 
360 


'TLH 
= 11.5 n./pFI 
CL + 15 n. 
10 
- 
90 
180 
'TLH 
= 11.1 no/pFI CL + 10 n. 
15 
- 
65 
130 


Output Fall Time 
'THL 
n. 


'THL 
= (1.5 no/pFI 
CL + 25 n. 
5.0 
- 
100 
200 


'THL 
= 10.75 IlI/pFI 
CL + 12.5 n. 
10 
- 
50 
100 


'THL 
= 10.55 n./pFI 
CL + 9.5 n. 
15 
- 
40 
80 


Propagation Delay Time; Data, Strobe to S 
'PLH. 
n. 


'PLH. 
'PHL = fl.7 
no/pFI 
CL + 465 n. 
'PHL 
5.0 
- 
550 
1100 


'PLH. 
'PHL = 10.66 n./pFI 
CL + 192 n. 
10 
- 
225 
450 


tPLH. 'PHL = 10.5 no/pFI 
CL + 125 n. 
15 
- 
150 
300 


Inhibit Propagation Delay Times 
'PLH. 
n. 
tpLH. 
'PHL 
• fl.7 
no/pFI CL + 315 n. 
'PHL 
5.0 
- 
400 
800 
'PLH. 
'PHL 
• 10.66 n./pFI 
CL + 117 n. 
10 
- 
150 
300 


'PLH. 
'PHL = (0.5 n./pFI 
CL + 75 n. 
15 
- 
100 
200 


Setup 
Time 
t.u 
n. 


Data 
to Strobe 
5.0 
250 
125 
- 


10 
100 
50 
- 


15 
75 
38 
- 


Hold Time 
'. 
5.0 
-20 
-100 
- 
n. 
Strobe 
to Data 
10 
0 
-40 
- 
15 
10 
-30 
- 


Strobe Pulse Width 
'WH 
n. 
6.0 
350 
175 
- 


10 
100 
50 
- 


15 
75 
38 
- 


For MC'''5,4a 


1. 
For 
P-chenn.!: 
Inhibit., 
VSS 
and 01-04 
con.titute 
binary coda for "output 
under te.t," 


2. 
For N-channel: 
Inhibit., VOO 


For MC,46158 


1. 
For P-chenn.l: 
Inhibit 
.• VOO 


2 
For N-channel. 
Inhibit., 
VSS 
and 
01-04 
con.titute 
binary 
code 
for "output 
under 
te,t." • 


Output $0 


Output 
51 
tTLH 
tTHL 


Inhibit 
:CLIICL 


Input 
01 
I 
-=-= 
Progr.m.ble 
I 
Pul_ 
I 
Gener.tor 
02 
1 
I 
Output 


03 
I 
VSS 
I 
I 
Output 
$15 
tTLH 
tTHL 
:r 
L 
• 


PIN ASSIGNMENT 


24 


2 
23 


3 
22 


4 
21 


5 
20 


6 
19 


18 


8 
17 


9 
16 


10 
IS 


11 


12 
13 


LOGIC DIAGRAM 


AiicD 
- 11 50 


AB~~ 
51 
- 9 


ABCD 
10 52 


ABCD 
0.t.1 
2 
A 
I 
B 
53 
5 
a 
ABclI 
3: 
7 
54 
(') 
Aiic~ 
..•. 


~6 
55 
~ 
Oat. 2 
3o---l~ 
,.----, 
A 
I I I -- 
I 
I I I I I I 
U1 
-- 
ABcll 
..•. 


05 
56 
~ 
(j) 
m 
I 
ABCl\ 
N 
4 
57 
• 
-....I 
3: 
CD 
AileD 
(') 
o.ta 3 
21 
lB 5B 
..•. 


AileD 
~ 
17 59 
U1 
..•. 


AB~D 
U1 
020 
510 
m 


D.t.422~ 
I I r:::::-' 
I I I I I T::::=::' 
v 
v 
r--1 D 
ABeD 
19511 


AIlCD 
----014512 
I I I It:::::::" 
v 
V 
Strobe 
1 
AlicD 
13 513 


ABCD 
16514 


~15515 
V 
V 
'--v---' 


In MC145158 
Only 


• 


Two 
MCl4612 
light-<:Nnllel 
detl 
•• Iecton 
Irl 
uoed herl with 
the 
MC145148 
lour-bit 
'"tch/decoder 
to 
effect 
• complex 
dell 
routing 
system. 
A totall of 16 inputs 
from ct.t. registers ere teI.c- 
met end trM'l.ferred 
vi•• 
~It.te 
d.t11 bul 
to I date distributor 
for 
•.••"engement 
end 
entry 
into 
16 output 
register... 
In this WIIV 
~u.nt"l 
det.e." be ,..,outed Of intermixed 
Kcording 
to patterns 
determined by datil select and distribution 
inputs. 


Dati 
is piKed 
into the routing 
scheme 
vi. the eight 
inputs on 
both 
MC14512 
det. 
selectors. 
On. 
register 
i••• igned.. to NCf'I 
input. 
The signals on AO, A 1, end A2 choose 
on. 
of eight inputs 
for transf.r 
out 
to the Jost••• 
dltl 
bul. 
A fourth 
signa', 
1M*led 
oi., disables 
on' 
of the 
MC14512 
selectors, 
•••• ring 
t'lnsfer 
of 
data 'rom 
only one register. 
In .ckIition 
to • choice of inpUt register •. 1 thru 16. the r." 
of 
trlnrier 
of the sequential information 
can also be "aried. 
Th•• is, 


if the 
MC14512 
were addressed 
at a rate 
thlt 
is eight times faster 


thin 
the shift frequency 
of the input registers, 
the most significant 
bit 
(MSS) 
from 
each register 
could 
be selected 
for transf.r 
to the 
dete bus. 
Th ••..•for •• ell of the most significant 
biU from all of the 
registers 
can 
be transferred 
to the cHbI bus before 
the next 
most 
significant 
bit is presented 
for tr.".fer 
by the input 
registers. 
InforfMtion 
from 
the 
3.••et. 
bus 
il 
redittributMt 
by 
the 
MC14514B 
lourobit 
Iitch/decoder. 
Using the lour-bit 
Oddr••• 
01 
thru 
04. 
the 
informetion 
on the 
inhibit 
line cen be trensferred 
to 
the lIddreaed 
output 
line to the desired 
output 
register., 
A thru 
P. 


This distribution 
of dIIte bits to the output 
regi ••e,. 
C8n be mede 
in meny complex 
petterns. 
For exemple, 
ell of the molt 
significant 
bitl 
from 
the input 
regilters 
can be routed 
into output 
regilter 
A, 


ell of the 
next 
most 
lignificent 
bits 
into 
register 
S. etc. 
In this 
way 
horizon •• I, vertal, 
or other 
methods 
of dIIt. 
IIicing can be 
implemented. 


Ois 
DO 
a 


Dt 


D2 
N 
03 
~ 


D4 
~ 
D5 
::Ii 


D6 


D7 
AO A1 A2 


AO A1 A2 
DO 
a 


D1 


D2 
N 
03 
~ 


Dol 
u 
D5 
::Ii 


D6 


D7 


Data 
Distribution 
~ 


01020304 
50 
51 
52 
53 
54 
55 
56 


57 
58 
59 
510 
5t' 
5t2 
513 
Inhibit 
51. 
5t5 


@MOTOROLA 


BINARY 
UP/DOWN 
COUNTER 
The MC145168 synchronous 
up/down binary counter is constructed 
with MaS P-channel and N-channel enhancement 
mode deivces in a 
monolithic structure. 


This counter can be preset by applying the desired value, in binary, 


to the Preset inputs (PO, P1, P2, P3) and then bringing 
the Preset 
Enable (PE) high. The direction of counting is controlled by applying a 
high (for up counting) 
or a low (for down counting) 
to the UP/DOWN 
input. The state of the counter changes on the positive transition 
of 
the clock input. 
_ 
Cascading can be accomplished 
by connecting the Carry Out to the 
Carry In 'of the next stage while clocking each counter in parallel. The 
outputs (00, 
01, 
02, 
03) 
can be reset to a low state by applying a 
high to the reset (R) pin. 


This CMOS counter 
finds primary 
use in up/down 
and difference 
counting. Other applications 
include: (1) Frequency synthesizer 
appli- 


cations where low power dissipation 
and/or high noise immunity is de- 
sired, 
(2) 
Analog-to-digital 
and 
digital-to-analog 
conversions, 


and (3) Magnitude and sign generation. 


• 
D;ode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Internally Synchronous for High Speed 


• 
Logic 
Edge-Clocked Design - 
Count Occurs on Positive Going 
Edge of Clock 


• 
Single Pin Reset 


• 
Asynchronous Preset Enable Operation 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky 
Load Over the Rated Temperature Range 


Symbol 
Parametar 
Value 
Unit 


VDD 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin, 
lout 
Input or Output Current (DC or Transient), per Pin 
",10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tstn 
Storage Temperature 
-65 
to 
+ 150 
·C 
h 
Lead Temperature 
(S·Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage 10 the device may occur. 
tTemperature 
Derating: 
Plastic "pO' 
Package: -12mWrC 
from 65°C to 85°C 


Ceramic 
"L" 
Package: 
-12mWrC 
from 
IOODe to 
125°C 


Pre •• t 
Carry 
In 
Up/Down 
En8bl. 
R••• t 
Clock 
Action 
, 
X 
0 
0 
X 
No Count 


0 
1 
0 
0 
--.r- 
Count 
Up 


0 
0 
0 
0 
~ 
Count 
Down 


X 
X 
1 
0 
X 
Preset 


X 
X 
X 
1 
X 
Reset 


x 
= 
Don't 
Care 


Note: 
When 
counting 
up, the 
Carry 
Out 
signal 
is normally 
high 
and 
is low only 
when 


00 
through 
03 
are high 
and 
Carry 
In is low. 
When 
counting 
down. 
~ 
is 


low 
only 
when 
00 
through 
03 
and 
~ 
are 
low. 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE "'8 


C Series. 
- 40·C to 
+ 85°C 


'MC14XXXBCP 
(PlastiC 
Package) 


MC 14XXXBCl 
(Ceramic 
Package) 


BLOCK 
DIAGRAM 


1 
PE 
00 
6 


5 
Carry 
In 


9 
Reset 
01 
11 


10 
Up/Down 


15 
Clock 
02 
'4 


PO 


12 
P1 
03 
2 


13 
P2 


3 
P3 
C!!..!1 
Out 


VOO 
= 
Pin 16 


VSS 
;; 
Pin 
8 


ThiS device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fieleis. However, precau· 


tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high·impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 


constrained 
to 
the 
range 
VSS 
os;: 
(Vin 
or 
Vout) 
" 
VOO' 


Unused inputs must always be tied 10 an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs 
must be left open. 


• 


Voo 
TI_ . 
250C 
Th'''''' 
Charecteriltic 
Symbol 
Vd. 
Min 
MI' 
Mi" 
Typ lit 
MI' 
Mi" 
MIX 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vd. 
Vin" 
VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin",OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 


IVO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


IVO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
IVO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 
IVO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
IVO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO' 
1.5 or 13.5 Vd.1 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
IOH 
mAde 
IVOH • 2.5 Vdcl 
Source 
5.0 
-30 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-88 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current ICLlep 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1 
1 
-2.25 
- 
-0.9 
- 
IVOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL • 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


IVOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(Al 
OIYtee) 
lin 
15 
.0.1 
±O.OOOOl 
to.1 
±1.0 
IlAdc 


Inpul 
Curren, 
(CL/CP 
Device) 
lin 
15 
- 
.0.3 
- 
'0.00001 
'0.3 
- 
tl.0 
#lAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


IV in = 01 


Ouiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/olAde 
(Per Package' 
10 
- 
1~ 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,uAdc 


(Per Pa~kage) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply 
Curren,··t 
IT 
5.0 
'T 
= 10.58 "A/kHz) 
f + 100 
#lAde 


(Dynamic plus Quiescent. 
10 
'T 
= 11.2·"A/kHzl 
f + 100 
Per Package) 
15 
IT = '11.7 "A/kHzH 
+ 100 
(el 
:: 50 pF on all outputs, 
all 
buffers switching) 


··The 
formulas 
given 
are tor the typical 
characteristics 
only at 25°C. 


tTo calculate 
total 
supply 
current 
at loads other 
than 50 pF: 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


All Typee 
Char_clerl.tlc 
Symbol 
VOO 
Mln 
Typ if 
Me. 
Unit 


Output Rise and Fall Time 
tTlH, 
ns 
tTLH. tTHl =(1.5 
nsJpF) Cl +25 os 
tTHl 
5.0 
- 
100 
200 
tTlH. 
tTHL =(0.75 
ns/pF) 
CL + 12.5 os 
10 
- 
50 
100 
tTLH. 
tTHL = (0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay 
Time 
'pLH, 
ns 


Clock to a 
tpHL 
tpLH. tPHl 
= 
(1.7 ns/pF) CL + 230 os 
5.0 
- 
315 
630 
IpLH. tPHL = 
(0.66 
ns/pF) Cl 
+ 97 os 
10 
- 
130 
260 


tpLH. 
tpHL 
= 
(0.5 
nsJpF) 
Cl 
+ 75 os 
15 
- 
100 
200 


Clock 
to Carry 
Out 
'pLH, 
ns 


tpLH. 
tpHL 
= 
(1.7 
nS/pF) 
CL 
+ 
230 
os 
tpHL 
5.0 
- 
315 
630 


tpLH. 
tpHL 
= 
(0.66 
ns/pF) 
CL 
+ 
97 os 
10 
- 
130 
260 


IplH. 
tpHL 
= 
(0.5 
ns/pF) 
CL 
+ 
75 ns 
15 
- 
100 
200 
ca;;:yTn 
to ~ 
tplH, 
ns 


tpLH. 
tPHl 
= 
(1.7 
ns/pF) 
CL 
+ 
230 
os 
tpHL 
5.0 
- 
180 
360 


tpLH. 
tpHL 
= 
(0.66 
ns/pF) 
Cl 
+ 
97 os 
10 
- 
80 
160 


tpLH. 
tpHL 
= 
(0.5 
ns/pF) 
CL 
+ 75 ns 
15 
- 
60 
120 


Preset 
or 
Reset 
to a 
tpLH, 
ns 


IPLH. 
tpHL 
= 
(1.7 
ns/pF) 
CL 
+ 
230 
os 
tpHL 
5.0 
- 
315 
630 


IplH. 
tpHL 
= (0.66 nsfpF) 
CL 
+ 
97 os 
10 
- 
130 
360 


tpLH. 
tpHl 
= 
(0.5 
nS/pF) 
CL 
+ 
75 ns 
15 
- 
100 
200 


Preset 
or Reset 
to Carry 
Out 
'pLH, 
ns 


tpLH. 
tpHL 
= 
(1.7 
ns/pF) 
CL 
+ 
465 
ns 
tpHL 
5.0 
- 
550 
1100 


tpLH. 
tpHL 
= 
(0.66 
ns/pF) 
CL 
+ 
192 
ns 
10 
- 
225 
450 


tpLH. 
tpHL 
= 
(0.5 
ns/pF) 
CL 
+ 
125 
ns 
15 
- 
150 
300 


Reset 
Pulse 
Width 
Iw 
5.0 
380 
190 
- 
ns 


10 
200 
100 
- 
15 
160 
80 
- 


Clock 
Pulse 
Width 
tWH 
5.0 
350 
200 
- 
ns 


10 
170 
100 
- 
15 
140 
75 
- 


Clock 
Pulse 
Frequency 
fel 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
6.0 
3.0 
15 
- 
8.0 
4.0 


Preset 
or Reset 
Removal 
Time 
trem 
5.0 
650 
325 
- 
ns 


The 
Preset 
or 
Reset 
signal 
must 
be low 
prior 
to a 
10 
230 
115 
- 
positive-going 
transition 
of the 
clock. 
15 
180 
90 
- 


Clock 
Rise 
and 
Fait 
Time 
tTLH. 
5.0 
- 
- 
15 
iLS 
tTHL 
10 
- 
- 
5 
15 
- 
- 
4 


Setup 
Time 
'su 
5.0 
260 
130 
- 
ns 


Carry 
In to Clock 
10 
120 
60 
- 


15 
100 
50 
- 


Hold 
TIme 
th 
5.0 
0 
-60 
- 
ns 


Clockto~ 
10 
20 
-20 
- 
15 
20 
0 
- 


Setup 
Time 
fsu 
5.0 
500 
250 
- 
ns 


Up/Down 
to Clock 
10 
200 
100 
- 


15 
150 
75 
- 


Hold 
Time 
th 
5.0 
-70 
-160 
- 
ns 
Clock 
to Up/Down 
10 
-10 
-60 
- 
15 
0 
-40 
- 


Setup 
Time 
'su 
5.0 
-40 
-120 
- 
ns 


Pn to 
PE 
10 
-30 
-70 
- 


15 
-25 
- 50 
- 


Hold 
TIme 
th 
5.0 
480 
240 
- 
ns 


PE to Pn 
10 
420 
210 
- 


15 
420 
210 
- 


Preset 
Enable 
Pulse 
Width 
tWH 
5.0 
200 
100 
- 
ns 


10 
100 
50 
- 


15 
80 
40 
- 


"The formulas 
given are for the typical 
charactenstlcs 
only at 25°C 


#Dala 
labelled 
"Typ" 
IS not to be used for design purposes 
but IS 


intended as an indication 
of the IC's potential 
performance 
• 


• 


POrOiiOiTnfi 


PEP l:i 


C 


T 
Q 


PRESET 
ENABLE 
CLOCK 
T 
on+1 
, 
X 
X 
P.r.lle' In 


0 
-' 
0 
Qn 


0 
-' 
, 
Qn 


0 
~ 
X 
Qn 


Voo 


Vss 
Voo 


Vss 


Voo 


Vss 


Reset ~--------M-----------::: 
-J1_I~w 


PO, P1, P2, P3, Preset Inputs (Pins 4, 12, 13, 3)- 
Data on these inputs is loaded into the counter when PE is 
ta'Cn high. 
arry In, (Pin 5) - 
This active-low input is used when 
cascading stages. Carry In is usually connected 
to Carry 
Out of the previous stage. While high, Clock is inhibited. 
Clock, 
(Pin 
15) - 
Binary 
data 
is incremented 
or 
decremented, 
depending 
on the direction of count, on the 
positive transition of this input. 


00,01,02,03, 
Binary outputs (Pins 6, 11, 14, 2)- 
Binary data is present 
on these outputs 
with 00 corre- 
sponding to the least significant 
bit. 


carr~ Out, (Pin 7) - 
Used when cascading 
stages, 
Carry 
ut is usually 
connected 
to Carry 
In of the next 
stage. This synchronous 
output is active low and may also 
be used to indicate terminal count. 


PE, Preset Enable, (Pin 1) - 
Asynchronously 
loads 
data on the Preset Inputs. This pin is active high and in- 
hibits the clock when high. 
R, Reset, (Pin 9) - 
Asynchronously 
resets the 0 out- 
puts to a low state. This pin is active high and inhibits the 
clock when high. 
Up/Down, (Pin 10) - 
Controls the direction of count, 
high for up count, low for down count. 


VSS, Negative 
Supply Voltage, (Pin 8) - 
This pin 
is usually connected to ground. 
VDD, Positive Supply Voltage, (Pin 16) - 
This pin 
is connected to a positive supply voltage ranging from 3.0 
volts to 18.0 volts. 
• 


~ 
Cin 
~ 
Terminal 
Count 


":' 
L.S.O. 
Clock 
M.S.D. 
Indicator 
Clock 
1· 
UP 
MC145168 
MC145168 
U/O 
O· 
Down 
A 
PO 
P1 
P2 
P3 


Note: The Least Significant 
Digit (L.S.D.) counts from a preset value once Preset Enable (PE) goes low. 


The Most Significant 
Digit (M.S. D.) is disabled while ~ 
is high. When the count of the L.S.D. reaches 0 
(count down mode) or reaches 
15 (count up mode), COUt goes low for one complete 
clock cycle, thus 
allowing the next counter 
to decremenVincrement 
one count. 
(See Timing 
Diagram) 
The L.S.D. 
now 
counts through another cycle (15 clock pulses) and the above cycle is repeated. 


CloCk h-h-[L ""L ""L L L L [L~ L L L L L h-L """LU L L.ll- L L [Lll- L L rLh-~ 
~ 
Up/Down 
I 
I 


Carry In 
I-- 


I 


II 
lJ: 
(MSD) 
- 
- 
I 


1 
PE h 
I 
I 


I 
I 
I 
P7 
II 
I 
I 
I 
I 
P6 
II 
I 


P5 
I 
I 
: 
I 
I 


I 
I 
I 
P4 
II 
: 
I 
I 


~ - 
I 
I 
I 
I 
P3 


~ 
1 
I 
- 
I 
I 
I 
I 
P2 


I 
I 
, 
I 
P1 
I 
I 
I 
I 
I 
II 
I 
I 
I 
I 


PO 
carrvout 
I 
II 
I 
'-- 
: 
! 
I 
(MSD) 


I 
I 
07 
I 
I 


06 
I 
: 
I 
I 
I 
I 
I 


: 
I 
I 
I 
05 
I 
I 
I 


04 
I 


: 


I 


I 
I 
I 
I 


03 
I 


I 
I 
I 
I 


02 
I 
i 
II 
I 
I 
I 


01 + 
-+- 
- - d 


I 
- - 
I 
- 'Lh 
i-- 
- I-- 
- 


00 + 


i-- 
--- 


I-- 
--- 
- - 
1---- 
r-- 
I-- 
-- 
I--lLI-- 
1... 
I-- 
!-- 
- 
--- 


!-- 
'-- 
- - 
--- 


t-- 
- 
h 


Carry Out 
I 


I 
i I 
! 


1 
~ 


(LSD) 
--- 


I-- 
r-- 
H 
Reset 
I 
r 
I 
I 
II 
I 
I 


1 
I 
I 


Count 
I 
13 
14 
15 
16 
17 
'6 
19 
'8 
'7 
16 
15 
141'3 
:: 
251 
I 
252 
253 
254 255 
0 
1 
2 


1 
3 
2 
1 


1 
0 
1 
2 
I 
1 
I 
I 
I 
I 
I 
I 


~ 
Preset Enable 
I 
~preset~ 
I 
Enable 
I 
I -j 
Reset I' 


I. 
Up Count 
"I" 


o Down Count 
.1. 
Up Count 
"I· 
Down ~ 
Up Count 
~ 
Count 
I 
I 
I 
I 
I 
I 


Cin 
~ 


Clock 
M.S.O. 


MC1.S16B 
U/D 


R 
PO 
P1 
P2 
P3 


Ctock (fin) 


~t 
+VOO 


Op., 
• Count 


+VOO 


Thumbwh 
•• 1 Switch 
•• 
(Open for "0") 
Resl,tors 
'" 10 kn 


fin 
tout· 
-;;- 


Note: The programmable 
frequency 
divider can be set by applying the desired divide ratio, in binary, to the preset inputs. 


For example, the maximum divide ratio of 255 may be obtained by applying a 1111 1111 to the preset inputs PO to P7. For 
this divide operation, 
both counters should be configured 
in the count down mode. The divide ratio of zero is an undefined 
state and should be avoided. 


@MOTOROLA 


The MC14517B dual 64-bit static shift register consists of two 
identical, 
independant, 
64-bit registers. Eech register his IBPIrate 
clock and write enable inputs, as well as outputs at bits 16, 32, 48, 
and 64. Date at the data input is entered by clocking, regardless 
of the stete of the write enable input. An output 
is disabled (open 
circuited} when the write enable input is high. During this time, 
date appearing at the date input as well as the 16-bit. 32·bit, and 
48·bit taps may be entered into the device by application of a clock 
pulse. This feature permits the register to be loaded with 64 bits in 
16 clock periods, and also permits bus logic to be uled. This device 
is useful in time delay circuits, temporary memory storage circuits, 
and other serial shift register applications. 
• 
Diode Protection on All Inputs 
• 
Fully Static Operation 
• 
OulPut Transitions Occur on the Rising Edge of the Clock Pulse 
• 
Exoeedingly Slow Input Transition Rates May Be Applied to the 
Clock Input 
• 
3-5tete Output at 64th-Bit Allows Use in Bus Logic Applications 
• 
Shift Registers of any Length may be Fully Loeded with 16 
Clock Pulses 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTLLoad Over the Rated Temperature Range 


Symbol. 
Parameter 
V.I ••• 
Unit 


VOO 
DC Supply Volt.g. 
-0.510 
+Ia.o 
V 


Vln. VOUI Input or Output Vonag. (DC or Tranlient) 
- 0.510 VOO + 0.5 
V 


Iin. lout 
Input or Output Current (DC or Tranllent), 
per Pin 
",10 
mA 


Po 
Power DI•• lpation. per Pack_oet 
500 
mW 


Tot" 
Storage Temperatur. 
-65 to + 150 
·C 


TL 
L.ad Temperatur. 
(a-second 
Soldering) 
260 
·C 


-Maximum 
Ratings ar. 
tho •• 
value. 
beyond which damage to the device may occur. 
tTemperatur. 
Derating: 
Pf•• tle "p" 
Package: 
-12mW/oC 
from 85°C to 85°C 
Ceramic "l" 
Package: -12mWrC 
from 100·C to 125·C 


DUAL 64-BIT STATIC 
SHIFT REGISTER 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 620 


PSUFFIX 
PLASTIC PACKAGJ 


CASE 
••• 


C Series: 
-40"C 
to 
+8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


WRITE 
CLOCK 
ENABLE 
OATA 
16-BIT TAP 
32-BITTAP 
46-BIT TAP 
84-BITTAP 


0 
0 
X 
Content of ,e-8It 
Content of 32-Blt 
Content 
of "'-8It 
Content 
of M-.lt 
DllPlayed 
Dlepl-Ved 
DIIPleyed 
OI.layad 
0 
1 
X 
HJgh Irnpedence 
H.., Irnpedence 
HIgh'mpad~ 
High I_ance 


1 
0 
X 
Content of 1e· Bit 
Content of 32-81t 
Content 
of •••·.It 
Content 
of M·.lt 
O'.'ayad 
Ol.'evad 
DIIPleved 
O••••'evad 
1 
, 
X 
High Impedance 
H...,Impedence 
High I_Once 
Hlth ,_ 
••••• 


./" 
0 
Data entered 
Content of , •. Bit 
Content 
of 32·81t 
Content 
of ••• ·.It 
Con"nt 
of M·.lt 
Into 11t Bit 
Dlapleyed 
Dlapleyed 
a ••••layad 
0••••'_ 
..r 
1 
Data entered 
Data at uP 
O"aat_ 
Datil at_ 
HIgh'_~ 
Into 'It 
Bit 
entered 
into 17-81t •.••• red Into 33·81t 
entered 
Into •• ·•• t 
"'- 
0 
X 
Content 
of , e-Bit 
Content 
of 32·81t 
Con.nt 
of 4I·llt 
Content 
of •• ·.,t 
Ol.'evad 
OI•• layad 
O••••levad 
O••••levad 
"'- 
, 
X 
Hlgh'mpedance 
H'., ImlMdance 
High Impedance 
HIgh' __ 
e 


FUNCTIONAL 


rRUTHTAIlLE 


• 


Voo 
TI_ . 
211°C 
Th·••• • 
C••••••• _ic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ# 
Max 
Mln 
Max 
Unit 


Ou.pu. 
VoltOOO 
"0" L.vel 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin'VOOorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
"1" L•••• 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin' 
Oor VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Inpu. VoI.OOO 
"0" Lovel 
VIL 
Vdc 
(VO • 4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO • 9.0 or III Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 
"I" Lovel 
VIH 
(VO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO • 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO - 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 
Output DriveCurrent fAl Device) 
IOH 
mAde 


(VOH • 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
·-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-O.BB 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-B.B 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Ou.put 
Ori ••• CUrTen. (CL/CP Dovice) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH • 4.8 Vdc) 
5.0 
-0.52 
- 
-0.44 
-O.BB 
- 
-0.36 
- 
(VOH - 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-B.B 
- 
-2.4 
- 


(VOL' 
0.• Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input CUrTen. (AL Oevic.) 
'in 
15 
- 
to.l 
- 
to.ooool 
to.l 
- 
t 1.0 
~Adc 


Input Curren. 
(CL/CP O.vice) 
lin 
15 
- 
to.3 
- 
t 0.ססOO1 
to.3 
- 
tl.0 
JlAdc 
Input Capecit.nce 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
1- 
pF 


(Vin' 
OJ 
Quiescent Current (AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
$oIAde 
(P., PeckOOO) 
10 
- 
10 
- 
q.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quincent 
Current ICLlCP Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
""Adc 
(Per PeckOOOI 
10 
- 
100 
- 
0.020 
100 
- 
750 
'15 
- 
200 
- 
0.030 
200 
- 
1500 
Tot.' SupplV Current··t 
IT 
5.0 
IT =(4.2 
,.A/kHz) 
f • 100 
,.Adc 
IDyn.."ic plu. Quiescent, 
10 
IT =(8.8 
,.A/kHz) 
f. 
100 
Per PockOOO) 
15 
IT =113.7',.A/kHz) 
f. 
100 
(CL • 50 pF on .11outpull, 
.U 
buff.,slwitching) 


Th'ft'-St.'e 
Lukage Current 
ITL 
15 
- 
to.l 
- 
,0.ססOO1 
t 0.1 
- 
t3.0 
""Adc 
IAL Dovicet 
Thr•• ·S.e.e le.k. Current 
ITL 
15 
- 
t1.0 
- 
'0.ססOO1 
t 1.0 
- 
t7.5 
",Adc 
(CL/CP Dovicel 


ThiS device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
lIS; 
(Vin 
or 
Vout) 
'" 
VOO' 
Unused inputs must always be tied to an ap- 
propriate 
logic voltage 
level 
(e.g., 
either 
VSS 
or Vbo). 
Unused 
outputs 
must 
be left open. 


Cta.ectermic 
Symbol 
VDD 
Min 
Typ '" - 


Unit 


Output 
RIse and Fall TIme 
tTLH. 
no 


tTLH. 
tTHL 
~ 
(1.5 nS/pF) CL 
+ 25 ns 
tTHL 
5.0 
- 
100 
200 


tTLH. iTHL = 
(0.75 
nS/pF) CL 
+ 
12.5 ns 
10 
- 
50 
100 
tTLH. 
tTHL 
'" (0.55 
ns/pF) 
CL 
+ 9.5 ns 
15 
- 
40 
80 


Prop-oetion 
Delay Time 
'PLH, 
n. 


'PLH, 
'PHL 
• 11.7 n./pFI 
CL • 390 n. 
'PHL 
5.0 
- 
475 
770 


'PLH, 
'PH L • 10.66 n./pFI 
CL • 177 n. 
10 
- 
210 
300 


'PLH, 
'PHL' 
10.5 n./pFI 
CL' 
115 n. 
15 
- 
140 
215 


Clock 
Pulse Width 
twH 
5.0 
330 
170 
no 
10 
125 
75 
- 
15 
100 
60 
- 


Clock Pulse Frequency 
'ei 
5.0 
- 
3.0 
1.5 
MHz 
10 
- 
6.7 
4.0 
15 
- 
8.3 
5.3 


Clock Pulse Rise and Fall Tim. 
'TLH. 
'THL 
5.0 
- 


10 
--see 
Note 
15 


Oeta to Clock Setup Time 
•••• 
5.0 
0 
-40 
- 
n. 
10 
10 
-15 
- 
15 
15 
0 
- 
Data to Clock Hold Time 
'" 


5.0 
150 
75 
- 
n. 
I 
10 
75 
25 
- 
: 
i Write Enable to Clock Setup Time 


15 
35 
10 
- 


'ou 
5.0 
400 
170 
- 
n. 


10 
200 
65 
- 


i 
15 
110 
50 
- 


Write Enable to Clock R.I •••• 
Tim. 
' ••I 
5.0 
380 
160 
- 
n. 


10 
180 
55 
- 


15 
100 
40 
- 


• The formulas 
given 
are 
for the 
typical 
characteristics 
only 
at 25°C. 


:# Data 
labelled 
"Typ" 
is not 
to be used 
for design 
purposes 
but 
is intended 
as an indication 
of the 
Ie's 
potential 
performance 
•• When 
shift 
register 
sections 
are cascaded. 
the 
maximum 
rise 
and fall 
time 
of the clock 
Input 
should 
be equal 
to or less 
than 
the 
rise 
and 
fall time 
of the 
data 
outputs. 
driving 
data 
inputs. 
plus 
the 
propagation 
delay 
of the 
output 
driving 
stage. 


FIGURE 
1 - 
POWER 
DISSIPAnON 
TEST CIRCUIT 
AND WAVEFORM 
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® MOTOROLA 


The MC14518B dual BCD counter and the MC14520B dual bi· 


nary counter are constructed with 
MOS P-<:hanneland N·channel 
enhancement mode devices in a single monolithic 
structure. Each 
consists of two 
identical, 
independent, internally 
synchronous 4· 


stage counters. The counter stagesare type 0 flip·flops, with inter· 
changeable Clock and Enable lines for incrementing on either the 
positive-going or negative-going transition as required when cascad· 
ing multiple stages.Each counter can be cleared by applying a high 
level on the Reset line. In addition, the MC14518B will count out of 
all undefined states within two clock periods. Thesecomplementary 
MOS up counters find primary use in multi·stage synchronous or 
ripple counting applications requiring low power dissipation and/or 
high noise immunity. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Internally Synchronous for High Internal and External Speeds 


• 
Logic Edge·Clocked Design - Incremented on Positive Transition 
of Clock or Negative Transition on Enable 


• 
Capable of Driving Two Low-power TTL Loads or One Low·power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
P.r.met.r 
V.lu. 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. lout 
Input 
or 
Output 
Current 
(DC 
or Transient), 
per 
Pin 
",10 
mA 


Po 
Power Dissipation. per Packaget 
500 
mW 


T.te 
Storage Temperature 
-6510 
+150 
'C 


TL 
lead 
Temperature (8-Second Soldering) 
260 
'C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "pO' Package: -12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: -12mW/oC 
from 
1000G to 125°C 


CLOCK 
ENABLE 
RESET 
ACTION 
..r 
I 
0 
Increment 
Counter 


0 
~ 
0 
Incr,ment 
COUl'lter 
""'- 


X 
0 
No Change 


X 
~ 
0 
No Change 
..r- 
0 
0 
No Change 


1 
'- 
0 
No Change 


X 
X 
I 
00 
thru 
Q3 - 0 


MC14518B 
MC14520B 


DUAL 
BCD UP COUNTER 
(MC14518B) 
DUAL 
BINARY 
UP COUNTER 
(MC14520B) 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
64e 


C Series: 
- 40"C to + 8S"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


This 
device 
contains 
protection 
Circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
:!li 
(Vin 
or 
Vout) 
'" 
VOD· 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs 
must be left open. 


• 


• 


VDD 
TI_ . 
25"c 
Th·•••• 
C••••_iltic 
Symbol 
VcIc 
Min 
Mo. 
Mi" 
Typ# 
Mo. 
Mi" 
Mo. 
Unit 


Output 
Voltage 
"0" La",,1 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin=VOOO'O 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 
"I" La",,1 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin'Oo,VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Vott•••• 
"0" Lovel 
VIL 
Vdc 
(Va' 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va' 
9.00".0 
Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" La",,1 
VIH 
{Va' 
0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
{Va' 
1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va· 
1.5 or 13.5 Vdel 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Oriw Current (AL Device) 
IOH 
mAde 
(VOH• 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH'4.6 
Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH• 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 13.5Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 
(VOL' 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL· 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output O,i"" Current (CL/CPDovicel 
IOH 
mAde 
(VOH• 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1. 7 
- 
(VOH' 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH• 9.5 Vdel 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-09 
- 
(VOH' 13.5Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 
(VOL' 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL' 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL' 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
.2.4 
- 


Input 
CutTent 
(Al 
OevM=e) 
lin 
15 
- 
to.l 
- 
to.OOOOl to.1 
t 1.0 
"Adc 
Input Curron' (CL/CPDevical 
lin 
15 
- 
to.3 
- 
to.00001 
to.3 
- 
t 1.0 
""Adc 


Input Capacit.nce 
Cin 
- 
- 
- 
- 
5.0 
'7.5 
- 
- 
pF 
(Vin= 01 


Quiescent Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
"Adc 
(Pe' Packligol 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 
Quiescent Current (CLlep Deva) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJ-Adc 
(Pe' Pack_I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current--t 
IT 
5.0 
IT· 
10.6"A/kHzl f + 100 
p.Adc 
{Dynamic plus Quiescent, 
10 
IT· 
(1.2 "A/kHz) f + 100 
Pe,Pack_1 
15 
IT • (1.7 "A/kHz) f + 100 
(CL= 50 pF on all outputs. 01' 
buffers 
switching) 


AIlT~ 
C••• _1oe1c 
Symbol 
YDD 
Min 
Typ ••• 
••••• 
Unit 


Output RI•• 
and Fall Time 
'TLH. 
III 
'TLH. 'THL = (1.5 no/pF) CL + 25 no 
'THL 
5.0 
- 
100 
200 
'TLH. 'THL = (0.75 no/pF) CL + 12.5 no 
10 
- 
50 
100 
'TLH. 'THL = (0.55 nO/pF) CL + 9.5 no 
15 
- 
40 
80 


Propogotlon DoIeyTime 
tpLH. 
no 
Clock to Q/Enoblo to Q 
tpHL 
tPLH. tpHL • (1.7 nolpF) CL + 215 nl 
5.0 
- 
280 
560 
tPLH. tpHL • (0.66 no/pFI CL + 97 no 
10 
- 
115 
230 
tpLH. tpHL • (0.5 nolpFI CL + 75 III 
15 
- 
80 
110 
R_ttoQ 
'pHL 
III 
tpHL· 
(1.7 nolpF) CL + 265 nl 
5.0 
- 
330 
IliO 
tPHL· 
(0.66 no/pF) CL + 117 nl 
10 
- 
130 
230 
tpHL· 
10.66no/pFI CL + 95 nl 
15 
- 
90 
170 
Clock Pul•• Width 
tW(H) 
5.0 
200 
100 
III 
tWILl 
1,0 
100 
50 
- 
15 
70 
35 
- 
Clock Pul•• Frequency 
'ei 
5.0 
- 
2.5 
1.5 
MHz 
10 
- 
8.0 
3.0 
15 
- 
8.0 
4.0 
Clock or EnobloRI•• end FoilTimo 
tTHL. tTLH 
5.0 
- 
- 
15 
,.. 
10 
- 
- 
5 
15 
- 
- 
4 
EnollloPul•• Width 
'WH(E) 
5.0 
440 
220 
- 
no 
10 
200 
100 
- 
15 
140 
70 
- 
R_t 
Pul•• Width 
'WHIR) 
5.0 
280 
125 
- 
III 
10 
120 
155 
- 
15 
90 
40 


R••• 
t Remoyal Time 
trem 
5.0 
-5 
-45 
- 
no 
10 
15 
-15 
- 
15 
20 
-5 
- 


•• 


• 


C 
QO 


Q' 


,1~~n~ i~~ti 
" 
12 '3 '4 '5 '5 17 ,. 
- n. 
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,l. 2 
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!.,2rL 
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4-BIT AND/OR 
SELECTOR 
or 
QUAD 2-CHANNEL 
DATA 
SELECTOR 
or 
QUAD 
EXCLUSIVE 
"NOR" GATE 


The MC14519B is constructed with MOS P-channel and N-channel en· 
hancement moda devicas in a monolithic structure. These complementary 
MOS logic gates find primary use where low power dissipation andlor high 
noise immunity is desired. 
This device provides three functions in one package: a 4-Bit ANDIOR 
Selector, a Quad 2-Channel 
Data Selector, or a Quad Exclusive 
NOR 
Gate. 


• 
0 iode Protection 
on All Inputs 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two Low-power 
TTL Loads or One Low-power 
Schonky TTL Load Over the Rated Temperature 
Range 


• 
Plug-In Replacement 
for C04019 
in Most Applications 


LOGIC OIAGRAM 


Co""ol 
{ 
A 
9 


Inputs 
B ,. 


XO 
6 
'0 ZO 
• 


VO 


X, • 
11 
Z1 


V, 
5 
O.t. 
Inputs 
X2 
'2 Z2 


V'2 
3 


X3 '5 
'3 Z3 


V3 


VOO· 
Pin 16 


VSS 
- 
Pin 
B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE Ma 


C Series: 
- 40°C 
to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


CONTROL INPUTS 
OUTPUT 


A 
B 
Zn 
0 
0 
0 
0 
, 
Vn 
, 
0 
Xn 
, 
, 
Xn @l Vn 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


Symbol 
Paramete, 
Value 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
",10 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


Tata 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature 
(8-Second 
Soldering) 
260 
·C 


°Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperalure 
Derating: 
Plastic "P" 
Package: 
- 12mW/oC from 65 


DC to 85°C 
Ceramic "L" 
Package: 
-12mWrC 
from IOOoe to 125°C 


Voo 
Tlow. 
25°C 
Th ••••• 
Ch.recte,istic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ" 
MI, 
Mi" 
MI, 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 


15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


", 
.• Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=O or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


t5 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 
1VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


1VO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.,," 
Level 
VIH 
Vdc 
1VO • 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


1VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


1VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAdc 
1VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


1VOH • 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-09 
- 


1VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
1VOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
'OH 
mAdc 
1VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1. 
7 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-30 
-8.8 
- 
-2.4 
- 


1VOL • 0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 
1VOL • 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


1VOL· 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Devicel 
lin 
15 
- 
10.1 
- 
'0.00001 
10.1 
- 
11.0 
/-JAdc 


Input 
Current 
ICL/CP 
Device) 
lin 
15 
- 
10.3 
- 
'0.00001 
10.3 
- 
• 1.0 
iJAdc 


Inpul 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin 
"" 0) 


QUiescent 
Curre{'It 
IAL 
DeVice) 
too 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
IJAdc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 


15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent 
Current 
(CLlCP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
/JAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current- 
- t 
IT 
5.0 
IT = 11.2 pA/kHzl 
f • 'DO 
IJAdc 
(DynamIC 
plus 
Ouiescent, 
10 
IT' 
12.4 
IJA/kHz) 
f + 100 
Per Package) 
15 
IT' 
13.6 
IJA/kHz) 
f t 
100 
(CL 
= 50 pF 
on all 
outputs, 
all 


buffers 
switching) 
• 


• 


Ch_ecteristic 
Symbol 
VOO 
Min 
Typ '" 
Mox 
Unit 


OUtput Rise and Fall Time 
tTLH. 
n. 
tTLH. tTHL = (1.5 nslpF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 


tTLH. tTHL - 
(0.75 nslpF) CL + 12.5 ns 
10 
- 
50 
100 


tTLH. tTHL - 
(0.55 nslpF) CL + 9.5 ns 
15 
- 
40 
80 


Prop~tion 
Delay Time 
lPLH. 
n. 
tPLH. tPHL' 
11.7 n./pFI CL + 165 h. 
tPHL 
5.0 
- 
250 
500 
tPLH. tpHL 
• 10.66 n./pFI CL + 82 
10 
- 
115 
225 
tPLH. tPHL • 10.5 n./pFI C 
+ 65 ns 
15 
- 
90 
165 


20 ns 
20 ns 
J&-4E 


0% 
- 
Voo 
Vin 


10% 
Vss 


50% Duty Cycle 


tTHL 
tTLH 
tPL~_ 
_ 
_ 
tpHL 
VOH 
Output 
50% 


VOL 


Data 
A 


Clock A 


R.,.t 
A 


r-------------------------------, 
I 
MCI4015B 
: 


Dual 4·Bit 
Register 


X2 
X3 
VO 
VI 
Control 
A 
A 
MC14519B 


AND/OR 
Select/Excl 
NOR 
Control 
B 
B 
ZO 
ZI 
Z2 
Z3 


Invert 
r- 
-1 
I 
I MC14010B 
I 
I Quad 
I 
I E Kelusiv. OR 
L __ 
_...J 


00 
01 
02 
03 
\ 
V 
J 


OPERATION 
CODE 
OUTPUT 
FUNCTION 


A 
B 
INV 
CO 
01 
02 
03 


0 
0 
0 
0 
0 
0 
0 
Inhibit. 
all zeros 
0 
0 
I 
I 
I 
I 
1 
Inhibit.1all 
ones 
I 
0 
0 
XO 
XI 
X2 
X3 
Control 
A 
I 
0 
1 
XO 
Xl 
X2 
X3 
Control 
A and Invert 


0 
1 
0 
VO 
VI 
V2 
V3 
Control 
8 
0 
I 
I 
YO 
Yl 
V2. 
Y3 
Control 
Band 
t nvert 
1 
1 
0 
XO@VO 
Xl@VI 
X2@V2 
X3@V3 
Exclusive 
NOR 
1 
1 
I 
XO(j) vo 
X1G) 
Yl 
X2(j)V2 
X3(j)V3 
Exclusive 
OR 


Data 8 


Clock 
8 


Reset 
8 


ThiS device contains 
protection 
circuitry to guard against 
damage 
due to high static voltages 
or electric fields. However, 


precautions 
must be taken to avoid applications 
01 any voltage 
higher than maximum 
rated voltages 
to this high-imped- 
ance circuit. For proper operation. 
Vin and Vout should be constrained 
to the range VSS 
~ (Vin or Vout) 
~ VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g .. either VSS or VOO)' 
Unused outputs must 
be left open. 
• 


(t!) MOTOROLA 


The MC14520B 
dual binary 
counter 
is constructed 
with 
MOS P-channel and N-channel enhancement 
mode devices 
in a monolithic structure. The device consists of two identical, 
independent, 
internally 
synchronous 
4-stage counters. 
The 
counter 
stages 
are type 
0 flip-flops, 
with interchangeable 
Clock and Enable lines for incrementing 
on either the posi- 
tive-going or negative-going 
transition as required when cas- 
cading 
multiple 
stages. 
The 
counter 
can 
be cleared 
by 
applying a high level on the Reset line. This complementary 
MOS up counter finds primary 
use in multi-stage 
synchro- 


nous or ripple counting applications 
requiring low power dis- 
sipation and/or high noise immunity. 


• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Jnternally Synchronousfor High Internal and External Speeds 
• 
Logic Edge-ClockedDesign- Incrementedon PositiveTransition 
of Clock or NegativeTransition on Enable 


• 
Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.510 
+ 18.0 
V 


Vln. Vout 
Input or Output Voltage 
(DC or Transient) 
- 0.5 to VOO + 0.5 
V 


'in. 
lout 
Input or Output Current 
(DC or Transient), 
per Pin 
+10 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


Tsta 
Storage Temperatufe 
-65 to + 150 
·c 


TL 
Lead Temperature 
(8-Second 
Soldering) 
260 
·c 


·Maxlmum 
Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: -12mW/oC 
from 65°C to 85°C 
Ceramic "L" Package: -12mWfOC from 100°C to 12SoC 


CLOCK 
ENABLE 
RESET 
ACTION 
..r 
1 
0 
Increment 
Count_ 


0 
""'- 


0 
Incr.ment 
Countw 
"'- 


X 
0 
No Chen •• 


X 
-T 
0 
No Change 


-T 
0 
0 
No Chane- 


1 
"'"'\.... 
0 
No Chene- 


X 
X 
1 
OOtllru 03- 0 


FOR COMPLETE 
DATA 
SEE MC14518B 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC PACKAGE 


CASE M8 


C Series: 
- 4Q·C to + 8S·C 
MCt4XXXBCP 
(PI.stic 
Package) 


MCt4XXXBCL 
(Ceramic 
Packaga) 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau· 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
"" 
(Vin 
or 
Voutl 
"" VOO· 
Unused 
Inputs muat always 
be tied to an ap- 
propriate 
logic voltage 
level (e.g., either 
VSS 
or VOO)' Unused 
outputs 
must be left open. 


@MOTOROLA 


The MC14521B consists of a chain of 24 flip-flops with an input 
circuit 
that allows three modes of operation. The input will function 
as a crystal oscillator, an RC oscillator, or as an input buffer for an 
external 
oscillator. 
Each flip-flop 
divides the 
frequency 
of 
the 
previous flip-flop 
by two, consequently 
this part will 
count up to 
2~ 
= 16,777,216. The count advanceson the negative going edge of 
the clock. The outputs of the last seven-stagesare available for added 
flexibility. 


• 
All Stagesare Resettable 


• 
Reset Disables the RC Oscillator for Low Standby Power Drain 


• 
RC and Crystal Oscillator Outputs Are Capable of Driving 
External Loads 


• 
Test Mode to Reduce Test Time 


• 
VDD' 
and VSS' Pins Brought Out on Crystal Oscillator Inverter 
to Allow 
the Connection 
of External 
Resistors for 
Low-Power 
Operation 


• 
Supply Voltage Range = 3.0 Vdc·to 18 Vdc 


• 
Capable 01 Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load over the Rated Temperature 
Range. 


Symbol 
Per.meter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0510+180 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin, 
'out 
Input 
or Output 
Current 
(DC 
or 
Transient), 
per 
Pin 
~10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to 
+ 150 
"C 


TL 
Lead Temperature 
(a-Second Soldering) 
260 
"C 


·Maximum Ratings are those values beyond which damage to the deVIce may occur. 
tTemperature Derating: Plastic "P" Package: - 12mWrC from 65°C to 85°C 
Ceramic "L" Package: -12mW'oC 
from loo·e to 125°C 


7 
5 
3 
Out 1 
VOO' 
VSS' 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC PACKAGE 


CASE 
648 


C Series: - 40·C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


OUTPUT 
COUNT CAPACITY 


018 
211.2&21 
.•.• 
019 
219- 524'288 
020 
'" 
' 
221• 1.048.576 
021 
2:rz- 2,097,152 
022 
2 
- 4,194,_ 
023 
2" • 8,388._ 
024 
2» • 16.777.216 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated voltages 
to this high·impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range 
VSS ~ (Vin or Vout) 
'E; VOO. 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must be left open. 
• 


• 


Voo 
Tiow. 
25°C 
Thigh • 


Charecteriatlc 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ# 
Ma. 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.5 
- 
0 
0.05 
- 
0.05 


"'" 
level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input V~tage 
"0" 
Level 
V'l 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V'H 
Vdc 
IVO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


IVO = 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (Al Device) 
'OH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


IVOH = 4.6 Vdcl 
Pins 4 & 7 
5.0 
-0.25 
- 
-0.2 
-036 
- 
-0.14 
- 


IVOH = 9.5 Vdcl 
10 
-062 
- 
-0.5 
-0.9 
- 
-·0.35 
- 


IVOH = 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


IVOH = 2.5Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
mAde 
{VOH = 4.6 Vdcl 
Pins 1,10. 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH = 9.5Vdcl 
11,12,13,,14 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


'VOH = 13.5 Vdcl 
and 15 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'Ol 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOl 
= 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(ClICP Device) 
'OH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


IVOH = 4.6 Vdc) 
Pins 4 & 7 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


IVOH = 9.5 Vdcl 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 
13.5 Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
·-1.0 
- 


IVOH = 2.5Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
mAde 
(VOH = 4.6 Vdcl 
Pins 1.10. 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5Vdcl 
11,12,13,14 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
and 15 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


'VOL = 0.4 Vdc) 
Sink 
tOl 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 
1.5 Vdc) 
15 
3.8 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
± 
tAL Device) 
lin 
15 
- 
±0.1 
- 
0.00001 
±0.1 
- 
± 1.0 
~Adc 


Input 
Current 
± 
(Cl/CP Device) 
lin 
15 
- 
±0.3 
- 
0.סס OO1 
±0.3 
- 
± 1.0 
~Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin = 01 


Quiescent 
Current 
(AL Device) 
)00 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Adc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
800 


Quiescent 
Current 
(CUCP Devicel 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~Adc 
IPer Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total Supply Current--t 
'T 
5.0 
'T = 10.42 ~A/kHz) f + 'DO 
~Adc 
{Dynamic 
plus Quiescent. 
10 
'T = 10.85 ~A/kHzl f + (DO 
Per Package) 
15 
IT = 11.4 
~A/kHz) f + 100 
leL 
= 50 pF on all outputs. 


all buffers switching) 


Charect.ristic 
Symbol 
VDD 
Min 
Typ ••• 
Mox 
Unit 
Vdc 


Output Rise and Fall Time (Counter 
Outputs) 
lPLH. 
n. 


tTLH. tTHL 
= (1.5 na'pF) 
CL + 25 ns 
'PHL 
5.0 
- 
'00 
200 
'TlH. 
'THl 
- 
(0.75 nsJpF) 
Cl 
+ 12.5 ns 
10 
- 
50 
,00 
'TlH. 
'THl 
- 
(0.55 nsJpF) 
Cl 
+ 12.5 ns 
15 
- 
40 
80 


Prop8g8tion 
DeilY Time 
lPLH. 
". 
Clock to 018 
'PHL 
tPHl. 
'PLH' 
(1.7 nl/pF) 
CL + 4415 n. 
5.0 
- 
4.5 
9.0 
tPHL. tPLH • (0.66 ni/pFI 
CL + 1667 n. 
10 
- 
1.7 
3.5 
tPHL. 
tPLH 
• (0.5 ni/pFI 
CL + 1275 nl 
15 
- 
1.3 
2.7 


Clock to 024 
tPHL. tPLH' 
(1.7 ol/pFl 
CL + 5915 01 
5.0 
- 
6.0 
12 
tPHL. tpLH 
• (0.66 o./pFI 
CL + 2167 01 
10 
- 
2.2 
4.5 
tPHL. tPHL • (0.5 o./pFI 
Cl 
+ 167501 
15 
- 
1.7 
3.5 


Prop8g8tion 
Delay Time 
tpHL 
01 
Reset to 'an 
'PHL' 
(1.7 oi/pFI 
CL + 121501 
5.0 
- 
1300 
2600 
tPHl' 
(0.66 oi/pFI 
CL + 467 01 
10 
- 
500 
1000 
tPHl' 
(0.5 oi/pFI 
CL + 350 nl 
15 
- 
375 
750 


Clock Pulse Width 
'WH(eli 
5.0 
385 
140 
- 
01 
10 
150 
55 
- 
15 
120 
40 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
3.5 
2.0 
MHz 
10 
- 
9.0 
5.0 
15 
- 
12 
6.5 


~Rjse 
and Fall Time 
tTLH. 
5.0 
- 
- 
15 
'" 
tTHL 
10 
- 
- 
5 
15 
- 
- 
4 


Reset Pulse Width 
'WH(RI 
5.0 
1400 
700 
- 
O. 
10 
600 
300 
- 
15 
450 
225 
- 


Reset Removal 
Time 
trem 
5.0 
30 
-200 
- 
os 


'0 
0 
- '60 
- 
15 
-40 
-'10 
- 


1 


t--20 
nl 
--l~20 
nl 


~ 


O"" 
Voo 
V;n j10,," 
50""t 
0 V 


50" Duty Cycle • 


90" 
50" I 


1110" 
J 


~'PLH 


~tTLH 


500 kHz 
50 kHz 
CHARACTERISTIC 
CIRCUIT 
CIRCUIT 
UNIT 


Cryaal 
Characteristics 


Aetonant 
Frequency 
500 
50 
OHz 


Equivalent 
R.,istance, 
RS 
1.0 
6.2 
on 


External 
Rftittor/Capecitor 
Valu •• 
Ro 
41 
150 
on 
CT 
82 
82 
pF 
Cs 
20 
20 
pF 


Frequency 
Stability 
Frequency 
Chllnge ••• 
Functton 


of VOO 
(T A - 
2S0C) 
VOO 
Change from 
5.0 
V to 10 V 
+6.0 
+2.0 
ppm 


VOO 
Chllnge 
from 
10 V to 15 V 
+2.0 
+2.0 
ppm 
Frequency Change.s. 
Function 


of Temp«.-tur. 
(V016 
- 
10 VI 
T A Chainga from 
-55 
C to +2SoC 


MC14521 
only 
-".0 
-2.0 
ppm 


Complete 
Oscillator· 
.100 
+120 
ppm 


T A Change 
from 
+2SoC 
to +12S0C 


Me 14521 
only 
-2.0 
-2.0 
ppm 


Complete 
Olemator· 
-160 
-560 
ppm 


t 
20 
~ 
:> 
10 


~ 
S.O 


'"o 2.0 
~ 
- 
1.0 


~ 
0.5 
-' 


f aSi function 


of C 


IRTC' 
S6 klll 


(RS' 
120 k) 


RTC' 
!i6kll./ 
__ 
RS '0, 
I· 
10.IHHz. 
VOO' 
10 V, TA' 
250 


.16 
C·lOOOpf 
l---RS·I20kll,fo7.8kHzlllVOO·IOV,TA"2SoC 


·SS 
·25 
0 
25 
!iO 
7S 
100 
125 


TA, AM81ENT 
TEMPERATURE 
1°C), DEVICE 
ONLY 


0.2 


O'\Ok 


0.0001 


10k 
lOOk 
RTC, 
RESISTANCE 
10HMSI 
0.001 
0.01 
C, CAPACITANCE 
!of) 


INPUTS 
OUTPUTS 
COMMENTS 


Reset 
In 2 
Out 2 
Vss 
VOO' 
01811nJ024 
Counter 
i. in thr. 
8-ft ••• 


1 
0 
0 
VOO 
Gnd 
0 
Metions 
in per.lIe' 
mode 
Coun.er is reset. In 2 end 


A lest 
function 
(see Figure 
8) has been in· 
Out 2 .r. connect" 
togeth••. 
eluded for the reduction 
of test time required 
to 
0 
1 
1 
First "0" to "," 
t,.,..litton 
exercise all 24 counter 
stages. This test function 
on In 2. Out 
2 nOd •. 


divides 
the 
counter 
into three 
8-stage sections, 
0 
0 
255 "0" to "'~. u •..• itions 
and 255 counts 
are loaded in each of the 8·stage 
1 
1 
.r. 
clocked 
into 
this 
In 2. 
- 
- 
Out 
2 nod •. 


sections in parallel. 
All flip-flops 
are now at a 
- 
- 


logic "1". 
The counter 
is now returned 
to the 
- 
- 


normal 24-stages 
in series configuration. 
One 
1 
1 
1 
The 255th 
"0" 
to .",. 


more pulse is entered 
into Input 2 (In 2) which 
trenlition. 


0 
0 
1 
will 
cause 
the 
counter 
to 
ripple 
from 
an 
all 
0 
0 
Gnd 
1 


"1" state to an all "0" state. 


l 


Counter 
con~ed 
back 
to 
1 
0 
VOO 
1 
2.-steg •• in •••.••• mode. 


1 
0 
j 


1 
Out 
2 cony •. ts tMdt 
to en 
output. 


Counter 
ripples 
from 
en 
0 
1 
0 
ell "'" 
stet. 
to en all 
"0" st••••. • 


• 


@MOTOROLA 


The MC14522B BCD counter and the MC14526B 
binary counter 
are constructed 
with MaS 
P-channel 
and N-channel 
enhancement 
mode devices in a monolithic structure. 
These devices 
are presettable, 
cascadable, 
synchronous 
down 
counters with a decoded 
"0" 
state output for divide-by-N 
applica- 
tions. In single stage applications 
the "0" 
output is applied to the 
Preset Enable input. The Cascade 
Feedback input allows cascade 
divide-by-N 
operation with no additional 
gates required. The Inhibit 
input allows disabling 
of the pulse counting 
function. 
Inhibit 
may 
also be used as a negative edge clock. 


These complementary 
MaS 
counters 
can be used in frequency 
synthesizers, 
phase-Jocked loops, and other frequency 
division ap- 
plications 
requiring 
low 
power 
dissipation 
and/or 
high 
noise 
immunity. 


• 
Supplv Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Logic Edge-Clocked 
Design - 
Incremented 
on Positive Transi- 
tion of Clock or Negative Transition of Inhibit 


• 
Asynchronous Preset Enable 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range 


Symbol 
Par.met.r 
Value 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 
10 VOO 
+ 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
""0 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


Toto 
Storage Temperature 
-6510 
+150 
·C 


TL 
Lead Temperature 
(8-Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: -12mWrC 
from 65°C to 85 


DC 
Ceramic "L" Package: -12mW/oC 
from looGe 
to 125°C 


Input. 
Output 
R•• ultlng 


Pr ••• 
t 
C•• cade 
Functlon 
Clock 
R••• 
t 
Inhibit 
Enable 
Feedback 
"0" 


X 
H 
X 
L 
L 
L 
Asynchronous 
reset* 


X 
H 
X 
H 
L 
H 
Asynchronous 
reset 


X 
H 
X 
X 
H 
H 
Asynchronous 
reset 


X 
L 
X 
H 
X 
L 
Asynchronous preset 
-./ 
L 
H 
L 
X 
L 
Decrement 
inhibited 


L 
L 
~ 
L 
X 
L 
Decrement 
inhibited 
"-- 
L 
L 
L 
L 
L 
No change·· (inactive edge) 


H 
L 
~ 
L 
L 
L 
No change" 
(inactive 
edge) 
-r 
L 
L 
L 
L 
L 
Decrement·· 


H 
L 
~ 
L 
L 
L 
Decrement·· 


Notes: 
•.Output "0" is low when reset goes high only if PE and CF are low. 


•.• Output 
"0" 
is high 
when 
reset 
is low, 
only 
jf CF 
is high 
and 
count 
is 0000. 


MC145228 
MC145268 


PRESETTABLE 
4-BIT DOWN COUNTERS 


BCD - 
MC14522B 
Binary 
- 
MC14526B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASe 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C to 
+ 85"G 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


16 


15 


14 


13 


12 


11 


10 II 


9 


This device contains protection 
circuitry 
to 
guard 
against 
damage 
due to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation. 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
~ 
(Vin 
or 
Vout) 
'" VOO· 


Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO). Unused outputs 
must be left open . 


Voo 
Tlow· 
25°C 
Th'''''' 
C••••._istic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
0.05 
- 
0 
0.05 
0.05 
Vdc 
Vi" '::VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 
(VO : 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO ; 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO" 
13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.15 
4.0 
- 
4.0 


"1" 
Level 
VIH 
{VO: 
0.5 or 4.5 Vdc} 
5.0 
3.5 
- 
3.5 
2.15 
- 
3.5 
- 
Vdc 
(VO • 1.0 or 9.0 Vdc) 
10 
1.0 
- 
1.0 
5.50 
- 
1.0 
- 
(VO: 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (Al Device) 
IOH 
mAde 
(VOH • 2.5 Vdc) 
Source 
5.0' 
~3.0 
- 
-2.4 
-4.2 
- 
-1.1 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-036 
- 
IVOH = 9.5 Vdc) 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IVOH' 
13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 
Output Drive Current (CUep 
Device) 
IOH 
mAde 
IVOH ·2.5 
Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.1 
- 


(VOH - 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH' 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL: 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
tAL Device) 
lin 
15 
to 1 
toססoo1 
to.l 
t l.O 
J,lAdc 


Input 
Current (CLlCP Device) 
lin 
15 
- 
10.3 
- 
10.ססOO1 
10.3 
- 
11.0 
IolAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
1.5 
pF 
(Vi" = 0) 
Quiescent Current IAL DevlCel 
100 
5.0 
5.0 
- 
0.005 
5.0 
150 
,lJ:Adc 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 
Ouieteent 
Current (eLlep 
DevtCe) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
J,lAdc 
{Per Pack_I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current··' 
IT 
5.0 
IT' 
(1.1 
"AlkHzl 
f + 100 
j.lAdc 


{Dynamte 
plus Ouincent. 
10 
IT' 
(3.4 
"A/kHz) 
t + IDO 
Per Package) 
15 
IT" 
(5.1 
jJ.A/kHzl 
f 
i- 
100 
tel 
= 50 pF o"n all outputs, 
all 
buffen switching) 


Characterl.tlc 
Symbol 
VDD 
Mln 
Typ" 
Mo. 
Unit 


Output Rise and Fall Time 
ITLH, 
ns 
ITLH. 
'THL - (1.5 ns/pF) CL + 25 ns 
ITHL 
5.0 
- 
100 
200 
'TLH. 
'THL - (0.75 ns/pF) CL + 12.5 ns 
(Figures 4, 5) 
10 
- 
50 
100 
ITLH. 
'THL - (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time (Inhibit Used as Negative· 
IpLH, 
ns 
Edge Clock) 
IpHL 
Clock or Inhibit to a 
(Figures 4, 5, 6) 
'PLH, 
'PHL 
= (1.7 ns/pF) CL + 485 ns 
5.0 
- 
550 
1100 
'PLH, 
'PHL 
- 
(0.66 ns/pF) CL + 197 ns 
10 
- 
225 
450 
'PLH, 
IpHL 
= (0.5 ns/pF) CL + 135 ns 
15 
- 
160 
320 


Clock or Inhibit to "0" 


IpLH, 
IpHL 
~ (1.7 ns/pF) CL + 155 ns 
5.0 
- 
240 
480 
IpLH. 
IpHL 
= (0.66 ns/pF) CL + 87 ns 
10 
- 
130 
260 
IpLH, 
IpHL 
~ (0.5 ns/pF) CL + 65 ns 
15 
- 
100 
200 


Propagation Delay Time 
tpLH, 
5.0 
- 
260 
520 
ns 
Pn to a 
tpHL 
10 
- 
120 
240 


(Figures 4, 7) 
15 
- 
100 
200 


Propagation Delay Time 
IPHL 
5.0 
- 
250 
500 
ns 
Reset to Q 
10 
- 
110 
220 
(Figure 8) 
15 
- 
80 
160 


Propagation Delay Time 
tpHL, 
5.0 
- 
220 
440 
ns 
Preset Enable to "0" 
IpLH 
10 
- 
100 
200 
(Figures 4, 9) 
15 
- 
80 
160 


Clock or Inhibit Pulse Width 
Iw 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
(Figures 5, 6) 
15 
80 
40 
- 


Clock Pulse Frequency (with PE = low) 
tmax 
5.0 
- 
2.0 
1.5 
MHz 
10 
- 
5.0 
3.0 


(Figures 4, 5, 6) 
15 
- 
6.6 
4.0 


Clock or Inhibit Rise and Fall Time 
'" 
5.0 
- 
- 
15 
JLs 
I, 
10 
- 
- 
5 
(Figures 5, 6) 
15 
- 
- 
4 


Setup Time 
Isu 
5.0 
90 
40 
- 
ns 
Pn to Preset Enable 
10 
50 
15 
- 


(Figure 10) 
15 
40 
10 
- 


Hold Time 
Ih 
5.0 
30 
-15 
- 
ns 
Preset Enable to Pn 
10 
30 
-5 
- 
(Figure 10) 
15 
30 
0 
- 


Preset Enable Pulse Width 
Iw 
5.0 
250 
125 
- 
ns 
10 
100 
50 
- 
(Figure to) 
15 
80 
40 
- 


Reset Pulse Width 
Iw 
5.0 
350 
175 
- 
ns 


10 
250 
125 
- 


(Figure 8) 
15 
200 
100 
- 


Reset Removal Time 
trem 
'5.0 
10 
-110 
- 
ns 
10 
20 
-30 
- 


(Figure 8) 
15 
30 
-20 
- 


PO 


PI 


P2 


P3 


Reset 
Q3 


Device 


Under 


Test 


FIGURE 
7 
FIGURE 
8 


-- 
VOO 
-- 
VOO 


ny P 
Reset 
VSS 
VSS 


-- 


.....- tpHl 


yO 


Any a 
50% 


trem 
---. .. 
J 


Voo 


Clock 


-- 
VSS 


FIGURE 
9 
FIGURE 
10 


'f 
Valid 


reset 
-- 
VOO 
VOO 


'labia 
50% 


VSS 
VSS 


Preset 
-- VOO 


0" 
Enable 
50% 


VSS 


Preset 
Enable 
(Pin 
3) - 
If Reset is low, a high level 
on the 
Preset 
Enable 
input 
asynchronously 
loads 
the 
counter with the programmed 
values on PO, P1, P2, and 
P3. 


Inhibit 
(Pin 
4) - 
A high level on the Inhibit input pre- 
vents 
the Clock 
Irom 
decrementing 
the counter. 
With 
Clock (pin 6) held high, Inhibit may be used as a negative 
edge clock input. 


Clock 
(PIn 
6) - 
The counter decrements 
by one lor 
each rising edge 01 Clock. See the Function Table lor level 
requirements on the other inputs. 


Reset 
(Pin 
10) - 
A high level on Reset asynchro- 


nously lorces 
00, 
01, 
02, 
and 03 
low and, 
if Cascade 
Feedback is high, causes the "0" output to go high. 


"0" 
(Pin 
12 ) - 
The "0" 
(Zero) output issues a pulse 
one clock period wide when the counter reaches terminal 
count (00 = 01 = 02 = 03 = low) il Cascade Feedback 
is high and Preset 
Enable 
is low. When preselling 
the 


counter to a value other than all zeroes, the "0" output is 
valid alter the rising edge 01 Preset Enable (when Cas- 
cade Feedback is high). See the Function Table. 


Cascade 
Feedback 
(Pin 
13) 
- 
If the 
Cascade 
Feedback input is high, a high level is generated 
at the 


"0" 
output 
when 
the count 
is all 
zeroes. 
If Cascade 
Feedback is low, the "0" 
output depends 
on the Preset 
Enable input level. See the Function Table. 


PO, P1, P2, P3 (Pins 
5, 11, 14, 2) - 
These are the 
preset data inputs. PO is the LSB. 


QO, Q1, Q2, Q3 (PIns 
7, 9, 15, 1) - 
These are the 
synchronous counter outputs. 00 is the LSB. 


Vss (Pin 
8) - 
The most negative power supply poten- 
tial. This pin is usually ground. 


Voo (Pin 
16) - 
The most positive power supply po- 
tential. 
VDD may range Irom 3 to 18 V with respect to 
VSS· 


13 
CF 


3 
PE 


Inhibit 


12 
"0" 


Clod! 


Reset 


PE 


Inhibit 


Clod! 


Reset 


• 


Figure 11 shows a single stage divide-by-N 
applica- 
tion. 
The 
MC14522B 
(BCD 
version) 
can 
accept 
a 
number greater than 9 and count down in binary fash- 
ion. Hence, the BCD and binary single stage divide- 
by-N counters 
(as shown in Figure 
11) function 
the 
same. 
To initialize 
counting a number, N is set on the par- 
allel inputs (PO, P1, P2, and P3) and reset is taken 
high asynchronously. 
A zero is forced into the master 
and slave of each bit and, at the same time, the "0" 
output goes high. Because Preset Enable is tied to the 
"0" output, preset is enabled. 
Reset must be released 
while the Clock is high so the slaves of each bit may 
receive N before the Clock goes low. When the Clock 
goes low and Reset is low, the "0" output goes low (if 
PO through 
P3 are unequal to zero). 
The counter 
downcounts 
with each rising 
edge of 
the Clock. When the counter 
reaches the zero state, 


an output pulse occurs on "0" 
which presets 
N. The 
propagation 
delays from the Clock's 
rising and falling 
edges to the "0" output's 
rising and falling edges are 
about 
equal, 
making 
the 
"0" 
output 
pulse 
approxi- 
mately equal to that of the Clock pulse. 
The Inhibit pin may be used to stop pulse counting. 
When this pin is taken high, decrementing 
is inhibited. 


Figure 12 shows a three stage cascade application. 
Taking 
Reset 
high 
loads 
N. Only 
the 
first 
stage's 
Reset pin (least 
significant 
counter) 
must 
be taken 
high to cause the preset 
for all stages, 
but all pins 
could be tied together, 
as shown. 


When the first stage's 
Reset pin goes high, the "0" 


output is latched 
in a high state. 
Reset must be re- 
leased while Clock is high and lime allowed for Preset 
Enable to load N into all stages 
before 
Clock 
goes 
low. 
When Preset Enable is high and Clock is low, time 
must be allowed 
for the zero 
digits 
to propagate 
a 
Cascade Feedback to the first non-zero 
stage. Worst 
case is from the most significant 
bit (M.S.B.) 
to the 
L.S.B., when the L.S.B. is equal to one (I.e. N = 1). 
After N is loaded, each stage counts down to zero 
with 
each 
rising 
edge 
of 
Clock. 
When 
any 
stage 
reaches zero and the leading stages (more significant 
bits) are zero, 
the "0" 
output 
goes 
high and feeds 
back to the 
preceding 
stage. 
When 
all stages 
are 
zero, the Preset 
Enable automatically 
loads N while 
the Clock is high and the cycle is renewed. 


N{ 


PO 
00 


P' 
A' 
P2 
02 


VDD 
P3 
03 
Buffer 
CF 
fi"/N 
Reset 
"0" 


Inhibit 


fin 
VSS 
Clock 


PE 


VODL..l... 


Load 


N 
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The MC14527B BCD rate multiplier 
IDRMI provides an output 
pulse rate based upon the BCD input number. For example, if 6 is 
the BCD input number, there will be six output pulsesfor every ten 
inpl.. pulses. This part may be usedfor arithmetic operations includ· 
ing multiplication 
and division. Typical applications include digital 
filters, motor speedcontrol and frequency synthesizers. 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 
• 
Output Clocked on the NegativeGoing Edgeof Clock 


• 
Strobe for Inhibiting or Enabling Outputs 


• 
Enable and Cascade Inputs for 
CascadeOperation of Two or 
More DRMs 


• 
"9" 
Output 
for the Parallel Enable Configuration and DRMs in 
Cascade 


• 
Complementary Outputs 


• 
Clear and Set to Nine Inputs 


Symbol. 
Para met., 
Vel••• 
Un" 


VDD 
DC Supply Voltego 
-0.5 
to + 18.0 
V 


Vin, You. 
Input or Output Voltage (DC or Transient) 
- 0.5 to VDD + 0.5 
V 


lin. lout 
Input or Output Current (DC or Transient). per Pin 
:10 
mA 


Po 
Power Dissipation. 
per Packaget 
500 
mW 


T.to 
Storage Temperature 
-65 
to + 150 
'C 


TL 
Lead Temperature 
(S·Second Soldering) 
260 
'C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: -12mWrC 
from 65°C to 85°C 
Ceramic "L" 
Package: -12mWrC 
from 100·e to 125°C 


OUTPUT 
LOGIC LIYaI. 


INPUTS 
NUM8ER 
OF PULSES 


No. of 
0" 
C 
B 
A Clock Pu'tes 
Ein 
STROBE 
CASCADE 
CLEAR 
SET 
OUT 
OUT 
E",,, 
"9" 


• • • • 
I. 
• 
• 
0 
• 
0 
Q. 
1 
1 
1 
• • • 
1 
I. 
• 
• 
• 
• 
• 
1 
1 
1 
1 
• • , 0 
I. 
• 
• 
• 
• 
0 
2 
2 
1 
1 
• 
0 , 
1 
,. 
• 
• 
• 
• 
0 
3 
3 
1 
1 
0 
1 
0 
0 
'0 
• 
• 
• 
• 
0 
• 
• 
1 
1 
• 
1 • , 
I. 
• 
• 
• 
• 
• 
5 
5 
1 
1 
• 
1 , 0 
I. 
• 
0 
• 
• 
• 
• 
• 
1 
1 
• 
1 
1 , 
'0 
0 
• 
• 
• 
0 
1 
7 
1 
1 
, • • • 
'0 
• 
• 
• 
• 
• 
8 
8 
, 
1 
1 
0 • 
1 
'0 
• 
• 
0 
0 
0 
• 
• 
, 
1 
, • • • 
'0 
• 
0 
0 
• 
• 
8 
8 
1 
1 
1 
0 
1 
1 
,. 
• 
• 
0 
• 
• 
• 
• 
1 
1 
1 
1 
0 • 
'0 
• 
0 
0 
0 
0 
8 
8 
1 
1 
1 
1 
0 , ,. 
0 
0 
0 
0 
0 
• 
• 
1 
1 
1 
1 , 
0 
,. 
0 
0 
• 
0 
• 
8 
8 
1 
, 
, 
1 , 
1 
'0 
• 
• 
• 
0 
• 
• 
• 
1 
, 
X 
X 
X 
X 
I. 
I 
0 
• 
• 
0 
- 
- 
- 
- 
x x x x 
'0 
0 
1 
• 
• 
0 
a 
, 
1 
1 


X 
X 
X 


'" 
,. 
0 
0 
1 
0 
0 
1 
0 
1 
1 
1 
X 
X 
X 
10 
0 
0 
0 
, 
• 
10 
10 
, 
0 
0 
x x 
X 
10 
0 
• 
0 
, 
0 
0 
, 
1 
0 


X 
X 
X 
X 
,. 
0 
• 
0 
0 
1 
0 
, 
0 
, 


.._,. 


'6 
L SUFFIX 
, 
CERAMIC 
PACKAGE 
CASE 620 
P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
648 


C Series: 
- 40°C to + 85°C 
MC14XXX8CP 
(Plastic 
Package) 


MC14XXX8CL 
(Ceramic 
Package) 


• 


S 
12 
c.tc 
Eout 
" 
Ein 


Rete Input 
9 
C50ck 
Ou, 
6 
'0 
ST 
r 


A 
(Jut 
6 
15 
B 
Mul1ipli.. 
: 
C 
0 
"9" 


Cle., 


13 


VDD 
TI_ . 
25"<: 
Thiall' 
C••••.••••• 
iotic 
Sy_ 
Vd. 
Min 
M•• 
Min 
Typ ••• 
M•• 
Min 
M•• 
Unit 


Outpu, 
Volt-oe 
"0" 
Lo",,1 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vi":: 
VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"I" 
Lo",,1 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin;;OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
l"putVoltage 
"0" 
Lo",,1 
VIL 
Vdc 
(VO • 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
L•••• I 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO • 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Driw Current (AL Device~ 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(V()H ~ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vdel 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdel 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdel 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL - 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current (eL/CP 
Device) 
IOH 
mAde 
(VOH - 2.5 Vdc) 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH - 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdc) 
Sink 
tOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current tAL Device) 
lin 
15 
to.l 
t 0.ססOO 1 
to.l 
t 1.0 
~Adc 


Input Curren, 
(CL/CP Oovicol 
lin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
tl.0 
IolAdc 


Input Capecitance 
Cin 
- 
.. 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi" - 01 


Quiescent 
Current 
(AL OevM:el 
100 
5.0 
- 
5.0 
0.005 
5.0 
150 
IolAdc 
(Por Pack_1 
10 
- 
10 
- 
0.010· 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current 
(CLlCP Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,.,.Adc 
(Por Pack_1 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Suppty Current--t 
IT 
5.0 
IT -(0.85 
"A/kHz) 
f • 100 
J,lAdc 
(Oyn.-nic plus Quiescent. 
10 
IT - (1.75 
"A/kHzl 
f· 
100 
Per P.ckage) 
15 
IT -(2.6 
"A/kHz) 
f • 100 
ICL '"'50 pF on all outputs. all 
buff.,sswitching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the 
range 
VSS 
'" (Vin or Vout) 
'" VOO' 
Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g., 


either 
VSS 
or VOO)' 
Unused 
outputs 
must 
be 
left open. 


a-.ci.riltic 
Symbol 
VDD 
Min 
Typ# 
Moll 
Unit 


Output RI•• and Fen Tim. 
tTLH' 
ns 


'TlH. 
'THL 
= (1.5 nl/pF) 
CL + 25 nl 
tTHL 
5.0 
- 
100 
200 


'TLH. 
'THL 
= (0.75 
na/pF) 
CL + 12.5 na 
10 
- 
50 
100 


'TLH. 
'THL 
= (0.55 
na/pF) 
CL + 9.5 na 
15 
40 
80 
- 


Propagation 
Deley 
Time 
'PHL, 
ns 


Clock 
10 Oul 
'PHL 
'PLH, 
'pHL 
• (1.7 ns/pFI 
CL + 115 ns 
5.0 
- 
200 
100 


'pLH. 
'pHL 
• 10.66 ns/pFI 
CL + 67 ns 
10 
- 
100 
200 


IpLH. 
'PHL 
• '(0.5 ns/pFI 
CL + 45 ns 
15 
- 
70 
140 


Clock to Out 
IPLH. 


._- 
n. 


IPLH. 
'PHL 
= 11.7 ns/pFI 
CL + 40 ns 
'PHL 
5.0 
- 
125 
250 


'PLH, 
'pHL 
• (0.66 ns/p~) 
CL + 32 n. 
10 
- 
65 
130 


'PLH. 
'PHL' 
(0.5 ns/pF) 
CL + 20 ns 
15 
- 
45 
90 


Clock 
to Eout 
'PLH, 
ns 


IPLH. 
'PHL' 
11.7 ns/pFI 
CL + 210 ns 
'PHL 
5.0 
- 
295 
590 


'pLH, 
'PHL 
• 10.66 ns/pFI 
CL + 97 ns 
10 
- 
130 
260 


'pLH, 
'pHL' 
(0.5 ns/pFI 
CL + 60 m 
15 
- 
85 
170 


Clock 
10 "9" 
IpLH. 
ns 


'PLH. 
'PHL 
= 11.7 ns/pFI 
CL + 315 ns 
'PHL 
5.0 
- 
400 
800 


'PLH. 
'PHL 
= (0.66 ns/pFI 
CL + 122 ns 


t~ 


10 
- 
155 
310 


IpLH. 
'pHL 
• (0.5 ns/pFI 
CL + 85 ns 
15 
- 
110 
220 


set or Cle.r to Out 
ns 


.'pHL· 
11.7 ns/pFI 
CL + 295 rs 
5.0 
- 
380 
760 
'PHL 
= (0.66 ns/pFI 
CL + 132 ns 
10 
- 
165 
330 
'PHL· 
10.5 ns/pFI 
CL + 8S ns 
15 
- 
110 
220 
e.c.de 
to Out 
'PLH 
ns 
'PHL' 
(1.7 ns/pFI 
CL +40 
ns 
5.0 
- 
125 
250 
'PHL 
= (0.66 ns/pFI 
CL + 32 ns 
10 
- 
65 
130 
'PHL' 
(0.5 ns/pFI 
CL + 20 ns 
15 
- 
45 
90 


Strobe 
to Ou t 
'pLH 
ns 
'PHL' 
(1.7 ns/pFI 
CL + 145 ns 
5.0 
- 
230 
260 
'PHL' 
(0.66 ns/pFI 
CL + 72 ns 
10 
- 
105 
210 
'PHL' 
(0.5 ns/pFI 
CL + 45 ns 
15 
- 
70 
110 


Clock Pulse Width 
twH 
5.0 
SOO 
250 
- 
ns 
10 
200 
110 
- 
15 
150 
80 
- 


Clock Pulse Frequency 
fel 
5.0 
- 
2.0 
1.2 
MHz 
10 
- 
4.5 
2.5 
15 
- 
6.0 
3.5 


Clock 
Pulse 
Rise and 
Fell Time 
'TLH. 
5.0 
- 
- 
'5 
..S 


'THL 
10 
- 
- 
5 
15 
- 
- 
4 


Set or Clear 
Pulse 
Width 
'WH 
5.0 
240 
sO 
- 
ns 
10 
100 
35 
- 
15 
75 
30 
- 


Set Removal 
Time 
'rom 
5.0 
0 
-20 
- 
ns 
10 
0 
-10 
- 
15 
0 
-7.5 
- 


Enobla 
In Setup 
Time 
lsu 
5.0 
100 
175 
- 
ns 
10 
150 
60 
- 
IS 
120 
45 
- 


-The formulas 
given 
are tor the typical 
characteristics 
only at 25°C. 


#Data 
labelled 
"TypO' 
is not to be used for design 
purposes 
but is 


intended 
as an indication 
of the Ie's potential 
performance. 
II 


01234567890123. 


Clod< IlIlJ1l1JUUlIUl 


a. ...fULJ1Jl.JlJl 


ab ~ 


ac --IL-JL.JL 


ad ~ 


R1 ---1l--fL 


R2 ~ 


R3 Jl.I1..J1J1..J1 


R4 --uLJlj 


Output 
(Pin e) 
(p,. ••• 
t No. of 1) 


(Pr••• , No. of 2) 


•• 


• 


A 


BOut 


C 


o 
CD Eou• 
Clock 


Cooc 


Note: More then two MC'.S27Sa 
may 
be c:eIiCaded 
u"ng 
thl, 
conf·euration. 


A 


B 


C 


o 
<2l EOU' 
Clock 
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The MC14528B is a dual, 
retriggerable, 
resettable 
monostable 
multivibrator. It may be triggered from either edge of an input pulse, and 
produces an output pulse over a wide range of widths, the duration of 
which is determined by the external timing components, Cx and RX. 


• 
Separate Restlt Available 


• 
Diode Protection 
on All Inputs 


• 
Triggerable 
from Leading or Trailing Edge Purse 


• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


• 
Pin-far-Pin Replacement with the MC14538B and MC14548B. 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin, Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 
to VOO 
+ 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
",10 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tsle 
Storage Temperature 
-6510 
+150 
"C 


TL 
lead Temperature (a-Second 
Soldering) 
260 
"C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "p" Package: - 12mWrC from 65°C to 85°C 
Ceramic "L" Package: -12mW/oC 
from 
tOQoC 
to 125°C 


THE MC14528B 
IS 
NOT RECOMMENDED 
FOR NEW DESIGNS 


MCt4S28B 


MCt4S36B 


MC14538B 


MC14541B 


MC14548B 


HC4538" 


X 


5 


DUAL 
RETR IGGE RABl E/RESETT ABLE 
MONOSTABlE 
MUl TIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
&AS 


C Series: 
- 40°C to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo= 
Pin 16 


VSS=Pin 
1. Pin 8, Pin 15 


AX and eX are external components 


• 


Voo 
TI_ " 
25°C 
Th''''" 
C"',.ct ••.istic 
Symbol 
Vd. 
Min 
Ma. 
Min 
Typlf 
Ma. 
Mi" 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vd. 


Vin=VOD 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=O or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Level 
VIL 
Vdc 
(Va ~ 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va 
= 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" level 
VIH 
(Va 
~ 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va 
~ 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va 
~ 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current IAL Device) 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH 
= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
Device) 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-0.7 
- 
-0.6 
- 
(VOH = 4.6 Vdc) 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH = 13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL Device) 
lin 
15 
- 
.0.1 
- 
.0.סס oo1 
.0.1 
! 1.0 
IolAde 


Input 
Current 
ICLlCP 
Device) 
Ii" 
15 
- 
.0.3 
- 
'0.סס OO1 
.0.3 
- 
± 1.0 
IJAdc. 


Input Capacitance 
ei" 
- 
- 
- 
- 
5.0 
7.5 
- 
- I 
pF 
(Vin = 01 


Quiescent Current 
IAL Devicel 
IDD 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
IJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
3QO 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUIescent Current 
(CLlCP 
DevICe) 
IDD 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 
(PI" Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
• -ToUI Supplv Current at an external 
IT 
IT(CL. CX) - rlCL + O·36Cx)VDDf 
+ 2.10 
8 RXCXIVDD-2)2fJ 
.10-3 
load Capacilance {CLI and al 
where: IT in IAA (per circuit), 
CL and eX in pF. RX in megohms. 
external timing capecitance (eX), 
Voo in Vdc. f in kHz is input frequency. 


u. 
the formul. 
- 


·Tlow 
= -55°C 
for AL Device. ~OoC for CL/CP Device. 


Thigh - +1250C for AL Device. +850C for CL/CP Davica. 


U The formulas 
given 
are for the typical 
characteristics 
only 
at 2S-C. 


PIN ASSIGNMENT 


VSS 
VOD 


CX1/RX1 
VSS 


14 
CX2/RX2 


Al 
13 
Reset 2 


81 
12 
A2 


01 
11 
82 


Qi 
10 
02 


VSS 
9 
02 


This device contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static voltages 
or electric 
fields. 
However, 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range VSS '" (Vin or Vouf) 
'" VDD. 
Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g., 
either 
VSS or VDD). 
Unused 
outputs 
must be left open. 


C••••_istic 
Symllol 
Cx 
AX 
Voo 
Min 
Typ" 
Moll 
Unit 
pF 
kll 
Vdc 


Output 
Rise 
and 
Fall 
Time 
tTlH· 
n. 


tTLH. 
tTHL 
= 
(1.5 
ns/pF) 
Cl 
+ 
25 ns 
'THL 
5.0 
- 
100 
200 


tTlH. 
tTHL 
= 
(0.75 
ns/pF) 
CL 
+ 
12.5 
ns 
10 
- 
50 
100 


ITLH. 
tTHL 
= 
(0.55 
ns/pF) 
CL 
+ 9.5 
ns 
15 
- 
40 
80 


Turn-Qff. Turn-o~ Delay Time - A or B to a or a 
tPLH. 
15 
5.0 
n. 
tPLH. tPHL' 
11.7 n./pF) 
CL + 240 n. 
tPHL 
6.0 
- 
325 
650 
tPLH. tPHL • 10.66 n./pF) 
CL + 87 n. 
10 
- 
120 
240 
tpLH. 
tpHL 
• 10.5 n./pF I CL + 65 n. 
15 
- 
90 
180 


Turn-Off, Turn·On Delay Ti,.,... - A or B to a or n 
IPLH. 
1000 
10 
n. 


IPLH. 
tPHL 
= 
(1.7 
nsJpF) 
CL 
+ 
620 
os 
tpHL 
5.0 
- 
705 
- 
IPLH. IPHl 
= (0.66 nsJpF) CL + 257 os 
10 
- 
290 
- 
IpLH. 
tpHL 
= 
(0.5 
ns/pF) 
CL 
+ 
185 
os 
15 
- 
210 
- 


Input 
Pulse Width 
- 
A or 
B 
tWH 
15 
5.0 
5.0 
150 
70 
- 
n. 
10 
75 
30 
- 


15 
55 
30 
- 


twL 
1000 
10 
5.0 
- 
70 
- 
n. 
10 
- 
30 
- 
15 
- 
30 
- 


~':PUt 
Pulse Width - a or 0: 


.. 


tw 
15 
5.0 
5.0 
- 
550 
- 
n. 
(For eX < 0.01 ",F use graph for 8PPropriate 
VOO level.) 
10 
- 
350 
- 
15 
- 
300 
- 


Output 
Pulse Width - 
0 or 1I 
tw 
10.000 
10 
5.0 
15 
30 
45 
". 
(For eX > 0.01 ".F use formula: 
10 
10 
50 
90 
IW • 0.2 AX Cx Ln (VOO - Vssllt 
15 
15 
55 
95 


Pulse Width Match between 
Circuits in the~. 
PKkege 
11· t2 
10.000 
10 
5.0 
- 
6.0 
211 
" 
10 
- 
8.0 
35 
15 
- 
8.0 
35 


Reset 
Propagation 
Delay 
- 
Reset 
to a or a 
IpLH. 
15 
5.0 
5.0 
- 
3211 
600 
n. 


IPHL 
10 
- 
90 
225 
15 
- 
80 
170 


1000 
10 
5.0 
- 
1000 
- 
n. 
10 
- 
300 
- 
15 
- 
250 
- 


Aetrigger 
Time 
I" 
15 
5.0 
5.0 
0 
- 
- 
n. 
10 
0 
- 
- 
15 
0 
- 
- 


1000 
10 
5.0 
0 
- 
- 
"' 
10 
0 
- 
- 
15 
0 
- 
- 
Ext.(MI 
Timing 
Resiltenc:e 
AX 
- 
- 
- 
5.0 
- 
1000 
kll 
Ext.rnal 
Timing CIlpecitanc:e 
Cx 
- 
- 
- 
No Limits . 
"F 


RX is in Ohms. 
Cx is in farads. 
VDD and VSS in volts. 
PWout 
in seconds. 
If Cx > 1 5 ~F. Use Discharge 
Protection 
Diode OX. per Fig. 9. 


Inputs 
Outputs 


Reset 
A 
B 
Q 
Q 


H 
f 
H 
J"L 
""lr 
H 
L 
'- 
J1.. 
1J 
H 
f 
"- 


L 
Not Triggered 
H 
H 
f "- 


Not Triggered 


H 
L, H,"- 
H 
Not Triggered 
H 
L 
L, H,f 
Not Triggered 


L 
X 
X 
L 
H 
,-f 
X 
X 
Not Triggered • 


• 


·ex", 
15 pF 
·CL" 
15 pF 
RX - 5.0 kn 


CHARACTERIS1;ICS 
Reset 
A 
B 


tpLH.lpHL. 
tTLH. 
tTHL 
VOO 
PGl 
VOO 
'W 


tpLH.tpHL. 
tT~H. tTHL 
VOO 
V5S 
PG2 
'w 


lpUlIR)·lpHL(R). 
'w 
PG3 
PG' 
PG2 


NOTE: 
AC test waveforms 
for PG1. 
PG2. 
and PG3 
on 
nalet 
PeQe. 


Voo 
50" 
50" 
A 
VSS 
'WH 
tTLH 
tTHL 


tTHL 
tTLH 
B 
VOO 
50% 
VSS 
'WL 


ReSet 
tTLH 
VOO 


VSS 
'WL 
'" 
VOH 
SO" 
a 
VOL 


a 
VOH 
50% 
VOL 


• 


II 


NC 
1,15 
2,14 


NC 


NC 


- 
VOO 


@MOTOROLA 


The MC14529B 
analog data selector 
is a dual 4-ehannel or single 
8-channel 
device depending 
on the input 
coding. 
The device is suit- 
able for 
digital 
as well as analog application, 
including 
various one- 
of-four 
and one-of-eight 
data selector functions. 
Since the device has 
bidirectional 
analog 
characteristics 
it 
can also be used as a dual 
binary to '·of-4 
or a binary to 1-of-8 decoder. 


• 
Oata Paths Are Bidirectional 


• 
3-State Outputs 


• 
linear 
"On" 
Resistance 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Oriving Two Low-power 
TTL Loads or One Low-power 
Schollky 
TTL Load over the Rated Temperature 
Range. 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.510 
+ 18.0 
V 


Vin· 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
lout 
Input 
or 
Output 
Current 
(DC 
or 
Transient), 
per 
Pin 
""0 
mA 


Po 
Power Dissipation, per Packaget 
500 
mW 


Tstn 
Storage Temperature 
-65 
to 
-+ 150 
'C 


TL 
lead Temperature (a-Second 
Soldering) 
260 
'C 


·Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 12mWrC 
from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mW/DC 
from 
IOQDe 
10 125°C 


STX 
STy 
B 
A 
Z 
W 


1 
1 
0 
0 
XO 
VO 
1 
1 
0 
1 
Xl 
Vl 
1 
1 
1 
0 
X2 
v;t 
1 
1 
1 
1 
X3 
V3 


.1 
0 
0 
0 
XO 
1 
0 
0 
1 
X( 
1 
0 
1 
0 
X2 
1 
0 
1 
1 
X3 
0 
1 
0 
0 
VO 
0 
1 
0 
1 
Vl 
0 
1 
1 
0 
V2 
0 
1 
1 
1 
V3 


0 
0 
X 
X 
High 
Impedance 


Single 
8-Channel 
Mode 
I Output 
(z -'<t Wtied together) 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high 
static voltages 
or electric 
fields. 
However, 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range VSS '" (Vin or Vout) 
'" VOO' 
Unused inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS or VOO)' Unused 
outputs 
must be left open. 


DUAL~CHANNELANALOG 
DATA 
SELECTOR 
OR 
a-CHANNEL 
ANALOG 
DATA 
SELECTOR 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
&20 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
MIl 


C Series: 
- 40·C to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 
MC14XXXBCL 
(Ceramic 
Package) 


6 
A 


B 
20- 
XO 


3 
Z 
Xl 
• 
X2 
5 
X3 
II 


II 


T_· 
2IiOC 
Th••• • 
aw •••• _ 
F•••••• ~bol 
VIS 
VDD 
Unit 
Vdc 
Vdc - 


Mo. 
MIn 
Typ# 
Mo. - 


Mo. 


OutPUtVol_ 
"0" L.-I 
1 
VOL 
0.0 
5.0 
- 
0.05 - 
0 
0.05 
- 
0.05 
Vde 


Vin 
"" 0 
10 
- 
0.06 - 
0 
0.06 - 
0.05 
15 
- 
0.05 - 
0 
0.06 - 
0.05 
"I" L.-I 
VOH 
0.0 
5.0 
4.95 
4.95 
5.0 
4.95 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
VI" - VOO 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 
Input VoI_ 
"O"lAwl 
2 
VIL 
0.0 
Vde 
(VO - 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO- 9.0 or~.o Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO - 13.5 or 1.5 Vde) 
15 
- 
4.0 
- 
5.75 
4.0 
- 
4.0 


(VO- 0.5 or 4.5 Vdel 
"1"L_1 
VIH 
0.0 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
(VO - 1.0 or 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
IVO -1.5or 
13.5 Vdc) 
15 
11 
- 
11 
8.25 
- 
11 
- 
Input CU•••••t (AL DevIce)Control 
. 
lin 
0.0 
15 
- 
'0.1 
- 
.0.ססoo1 
'0.1 
- 
.1.0 
"Adc 
Input CU•••••t (CLleI' DevIce)Control 
'Iin 
0.0 
15 
'0.3 
.0.ססoo1 
'0.3 
".0 
"Ade 
Input e-I- 
(VI" - 0) 
Cin 
0.0 
pF 
Con""l 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
SwItch Input 
- 
- 
- 
- 
8.0 
- 
- 
- 
SwItch Ou_t 
- 
- 
- 
- 
20 
- 
- 
- 
FoeelThrou-, 
- 
- 
- 
- 
0.3 
- 
- 
- 
'Ou_t 
CU•••••t (ALOwicel 
3 
100 
- 
5.0 
- 
1.0 
- 
0.001 
1.0 
- 
60 
"Adc 
(Pw Pw"-l 
10 
- 
1.0 
- 
0.002 
1.0 
- 
60 
15 
- 
2.0 
- 
0.003 
2.0 
- 
120 
Ou_t 
Currept (CLlCPDevIce) 
3· 
100 
- 
5.0 
- 
5.0 
- 
0.001 
5.0 
- 
70 
"Ade 
(PWPW"-1 
10 
- 
5.0 
- 
0.002 
5.0 
- 
70 
15 
- 
10 
- 
0.003 
10 
- 
140 
"ON" ROIi._ 
(AL DevIce) 
4,5.8 
RON 
0 


(VC- VOO, RL - 10 kO) 
(Vi" - +5.0 Vde) 
-5.0 
5.0 
- 
400 
- 
200 
460 
- 
640 
(Vi" - -5.0 Vde) 
- 
400 
- 
200 
460 
- 
640 
(VI" - '0.25 Vdel 
- 
400 
- 
190 
460 
- 
640 
(VI" - +7.5 Vdel 
-7.5 
7.5 
- 
240 
- 
160 
270 
- 
400 
(Vi" - -7.5 Vdel 
- 
240 
- 
160 
270 
- 
400 
(VI" - .0.25 Vdel 
- 
240 
- 
120 
270 
- 
400 
(Vi" - +10 Vdel 
0 
10 
- 
400 
- 
180 
460 
- 
640 
(.vI" - +0.25 Vde) 
- 
400 
- 
180 
460 
- 
640 
(VI" - +5.8 Vdel 
- 
400 
- 
220 
460 
- 
640 
(VI" - +15 Vdel 
0 
1.5 
- 
250 
- 
180 
270 
- 
400 
(VI" - +0.25 Vde) 
- 
250 
- 
180 
270 
- 
400 
(VI" - +9.3 Vdel 
- 
250 
- 
215 
270 
- 
400 
"ON" ROIi_ 
(CLICPDevIce) 
4,5,8 
RON 
0 


(VC- VOO, RL - 10 kO) 
(VI" - +5.0 Vde) 
-5.0 
5.0 
- 
410 
- 
200 
480 
- 
560 
IVI" - -5.0 V<!C) 
- 
410 
'- 
200 
480 
- 
560 
(VI" - +0.25 Vdel 
- 
410 
- 
190 
460 
- 
560 
(VI" - +7.5 Vdel 
-7.5 
7.5 
- 
250 
- 
160 
270 
- 
350 
(VI" - -7.5 Vde) 
- 
250 
- 
160 
270 
- 
350 
(VI" - '0.25 Vdel 
- 
250 
- 
120 
270 
- 
350 
(Vi" - +10 Vde) 
0 
10 
- 
410 
- 
180 
480 
- 
560 
(VI" - +0.25 Vde) 
- 
410 
- 
180 
480" 
- 
560 
(Vi" - +5.11Vdel 
- 
410 
- 
220 
480 
- 
560 
(Vin - +15 Vdel 
0 
15 
- 
250 
- 
180 
270 
- 
350 
(VI" - +0.25 Vde) 
- 
250 
- 
180 
270 
- 
350 
(VI" - +9.3 Vde) 
- 
250 
- 
215 
270 
- 
350 
A"ON"_"'-. 
- 
ARON 
,0 
a.- My 2 clrculta I" • common pec"- 
(VI" - .5.0 Vdel 
-5.0 
5.0 
- 
- 
- 
15 
- 
- 
- 
IVI" - '7.5 Vdel 
-7.5 
7.5 
- 
- 
- 
10 
- 
- 
- 
·Tlow - -55OC for AL Dev•••• -4OOCfor CLleI' DevIce 
·Thltlh - +125OCfor AL DevIce.+lI5OCfor CLleI' Dev•••• 
#Data labelled "Typ" is not to be used tor design purposes but is intended as an indication of 
the IC's potential performance. 


Charact.rlatlc 
Flgur. 
Symbol 
VSS 
VDD 
Mln 
Typ # 
Mn 
Unl' 


Vin to Vout Propagation 
Oelay Time 
7 
tpLH, 'PHL 
0.0 
5.0 
- 
20 
40 
ns 
(CL-50 
pF, RL-l.0 
kll) 
10 
- 
10 
20 
15 
- 
8.0 
15 


Propagation Delay Time. Control to 
8 
'PLZ, tPZL' 
0.0 
5.0 
- 
140 
400 
ns 
OUtput, Vin = VOO or VSS 
tPHZ, tpZH 
10 
- 
70 
180 
(CL-50 
pF, RL-l.0 
kll) 
15 
- 
50 
120 


Cros.talk, 
Control to Output 
9 
- 
0.0 
5.0 
- 
5.0 
- 
mV 
(CL-50 
pF, RL=1.0 
kll 
10 
- 
5.0 
- 
Rou.- 
10 kll) 
15 
- 
5.0 
- 


Control Input Pulse Frequency 
10 
fin 
0.0 
5.0 
- 
5.0 
2.5 
MHz 
(CL - 
50 pF, RL - 
1.0 kll) 
10 
- 
10 
8.2 
15 
- 
12 
8.3 
~ 


Noise Voltage 
11,12 
- 
0.0 
5.0 
- 
24 
- 
nV-- 
(f=100 
Hz) 
10 
- 
25 
- 
.,jcycle 
15 
- 
30 
- 


5.0 
- 
12 
- 
10 
- 
12 
- 
15 
- 
15 
- 


Sine Wave Distortion 
- 
- 
-5.0 
5.0 
- 
0.36 
- 
% 
(V'n - 1.77 Vdc RMS 
Centered 
@ 0.0 Vdc, 
RL-10 
kil. 1-1.0 
kHz) 


Off-Channel Leakage Current 
- 
loff 
nA 
(Vin - + 5.0 Vdc. Vout - - 5.0 Vdc) 
-5.0 
5.0 
- 
::!:0.OO1 
:125 
(Vln- - 5.0 Vdc. Vou.- 
+ 5.0 Vdc) 
-5.0 
5.0 
- 
::!:O.OO1 
±125 
(Vln- +7.5 Vdc. Vou.- 
-7.5 
Vdc) 
-7.5 
7.5 
- 
::!:0.OO15 
::250 
(V'n- 
-7.5 
Vdc. Vou.- 
+7.5 Vdc) 
-7.5 
7.5 
- 
:0.0015 
::250 


Insertion Loss 
13 
- 
-5.0 
5.0 
dB 
(V'n-1.77 
Vdc 
RMS centered 
@ 0.0 Vdc, 


1-1.0 
MHz) 


Iloss=20 
Log10 ~ 
Vin 


(RL-l.0 
kll) 
- 
2.0 
- 
(RL-10 
kill 
- 
0.8 
- 
(RL =100 
kll) 
- 
0.25 
- 
(RL-l.0 
Mil) 
- 
0.01 
- 


Bendwldlh (- 3 dB) 
- 
BW 
-5.0 
5.0 
MHz 
(V'n = 1.77Vdc 
RMS cen'ered 
@ 0.0 Vdc) 
(RL= 1.0 kill 
- 
35 
- 
(RL-10 
kll) 
- 
28 
- 
(RL-100 
kll) 
- 
27 
- 
(RL-1.0 
Mil) 
- 
26 
- 


Feedthrough and Crosstalk 
- 
- 
-5.0 
5.0 
MHz 


20 Log,. 
Vout = -50 dB 
V'n 
(RL-l.0 
kll) 
- 
850 
- 
(RL-10 
kll) 
- 
100 
- 
(RL= 100 kll) 
- 
12 
- 
(RL= 1,0 Mil) 
- 
1.5 
- 
•• 


• 


R 


ut 


Vss 
Voo 
v 


Vss • 0.0 V 
Vln 
-= 


VNL 
- 
VN 
when 
IS" 
10~ 


VNH 
., VOO 
-VN 
when IS· 
10 IIA 


·Pins 2,3,4,12.13 
end 
, •• r. l.ft 
open. 


I 
- 
-. voo'· 
5V 
- 
...•..... ./ 
Vss 
• -5V 
, 


"- 


/' 
"""" 
VOO' 
7.5 V 
Vss 
o-7.5V 


...•.....V 
- 
r--.... 


VOO! 
10V 
"""" 
7 
Vss ·ov 
,- 
"- 


/' 
"""" 
von 
0 15 V 


Vss ·ov 
...••....V 


!ZOO 
~ 
u 


~ 
150 
::i 


~ 
1'00 
zp 
z 
tf 
50 


150 pF 


Quan-Tech 
Modlll 
2283 
or Equiv 


"""L~~Tl' 
6v,n 
.Vx-=- 
20 
ns 


90% 
VOO 
50% 


10% 


VSS 


-- 
IpHZ 
90'% 
Vin 
~ VOO 


V. 
VSS 


(\---+2.5 
Vdc 


Vin 
- 
O.OVdc 
V__ 
2.S Vdc 
X,V 
Input 


30i 


25 


~' 
20 


'"~ 
15 
0>w 
10 
~~ 
5.0 


0 
10 
100 
1.0 k 
10. 
100 • 


I, FREOUENCY 
(Hz) 
• 


R~al,I.lli~ 
lJkh 


r- 
- 


== 
F= 
- 
- 
'~k~ 
~ 
1.0kfi 
"" 
- 
-3.0 dB(Rla 1.0 lUll 


- 


-3:0 dBiR'l'; '10kill 


-3.0 dB (Rla 1.0 kfi 


- 
- 


-f- 
- 
I 
•..... 
- 


l:l -2.0 
g 
zo 
5~ 


1.011 


fin,lNPUT 
FREQUENCY 
(Hz) 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


B 
9 


2 
xo 


3 
Xl 


9 


Z 


• 
X2 


5 
X3 
• 


1. 
VO 


13 
VI 


10 
W 


12 
V2 
VOO'"' 
Pin 16 


VSS 
- 
Pin 8 


11 
V3 


@MOTOROLA 


The MC 145308 
dual five-input 
majority 
logic gate is constructed 
with 
P-channel and N-channel 
enhancement 
mode devices in a single 
monolithic 
structure. 
Combinational 
and sequential 
logic expressions 
are easily implemented 
with 
the majority 
logic gate. often 
resulting 
in fewer components 
than obtainable 
with 
the more basic gates. This 
device can also provide 
numerous 
logic functions 
by using the Wand 
some of 
the 
logic 
(A thru 
E) inputs 
as control 
inputs. 


• 
Diode Protection on All Inputs 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two Low-power 
TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature 
Range 


Symbol. 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltaga 
-0.5 
to + 18.0 
V 


Vln. You' 
Input or Output Vottage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


Iin. lout 
Input or Output Current (DC or Transient), per Pin 
%10 
mA 
Po 
Power Di.alpatlon, 
per Pack_get 
500 
mW 


T.ta 
Storage Temperatur. 
-65 to + 150 
·C 


TL 
Lead Temperatur. 
(8·second 
Soldering) 
280 
·C 


-Maximum Ratings ar. tho •• 
valu •• 
beyond which damage to the device may occur. 


tTemperatur. 
Derating: 
PI•• tic "P" 
Package: -12mWrc 
from 65·C to 85"C 
Ceramic "Lit Package: 
-12mW'oC 
from 100"C to 125°C 


INPUTS 
A 
B C 0 E 
W 
Z 
For ell combinations 
of inputs 
where thr •• 
0 
1 
or more inputs .re logic" "0". 
1 
0 
For .11combinations of inputs wher. thr. 
0 
0 
or mora inputs .re logic_ ",". 
1 
1 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due 
to high static voltages 
or electric 
fields. 
However, 
precautions 
must be 
taken to avoid applications 
of any voltage 
higher 
than maximum 
rated 
voltages 
to this 
high·impedance 
circuit. 
For proper 
operation, 
Vin and 
Vout should be constrained 
10 the range VSS '" (V'n or Vout) '" Voo. 
Unused Inputa must always be tied to an appropriate logic voltage level 
(e.g., either VSS or VDD). Unused outputs must be laft open. 


DUAL 
5-INPUT 
MAJORITY 
LOGIC GATE 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
••• a 


C Seriea: 
- .c.o°C to + 8SoC 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Z - M5 e W - 
(ABC+ABD+ABE+ACD+ 
ACE+ADE+BCD+8CE+ 
BOE+COEIG> 
w 


°M5 
Js • logic" 
"'" 
If .ny 
thr •• 
or more 
inputs .r. logic" "'''. 


<;) == Exclusive 
NOR 
== Exclusive 
OR 


MS 
W 
Z 


0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 
1 
•• 


II 


Voo 
TI_ . 
25°C 
Th·""· 
C••••_oriotic 
Symbol 
Yd. 
Min 
M•• 
Min 
Typ# 
M•• 
Mi" 
M•• 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Yd. 


Vin""VooorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"I" 
Lo",,1 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Yd. 
Vin:OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" 
Lovel 
VIL 
Vde 
(VO = 4.5 
or 0.5 
Vdc) 
5.0 
- 
1.2 
- 
2.25 
1.25 
- 
1.15 
(VO = 9.0 
or 1.0 Vdc) 
10 
- 
2.5 
- 
4.50 
2.5 
- 
2.4 


(Vo = 13.5 
or 1.5 Vdcl 
15 
- 
3.0 
- 
6.75 
3.0 
- 
2.9 


"'" 
Level 
VIH 
(Vo = 0.5 
or 4.5 
Vdc) 
5.0 
3.85 
- 
3.75 
2.75 
- 
3.75 
- 
Vdc 
(Vo = 1.0 or 9.0 
Vdc) 
10 
7.6 
- 
7.5 
5.50 
- 
7.5 
- 
(VO = 1.5 
or 13.5 
Vdcl 
15 
12.1 
- 
12 
8.25 
- 
12 
- 


OutPut 
Drive Current CAL Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH - 9.5 Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH • 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dri ••••Current (CUep Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH' 
4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdel 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
CAl Device) 
lin 
15 
- 
10.1 
- 
10.סס OO1 
10.1 
- 
t 1.0 
~Adc 


Input Curr.". 
(CL/CP 
Device) 
lin 
15 
- 
10.3 
- 
10.סס OO1 
10.3 
- 
11.0 
IJAdc 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin - 01 


Quiescent Current CAl Device) 
100 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJAdc 
(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


Quiescent 
Current 
cCLlep 
OevtCel 
100 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
J.l.Adc 
(Per Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
30 


Total Supply 
Current··t 
IT 
5.0 
IT· 
(0.75 "A/kHzl 
f + 'DO 
J.l.Adc 
fDynemic 
plus Quiescent, 
10 
IT' 
(1.50 "A/kHz) 
f + 100 
PorPock_1 
15 
IT· 
(2.25 "A/kHz) 
f + 'DO 
(CL • 50 pF on.1I 
outputs, 
oil 
buffers 
switching) 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


C'-_istic 
Symbol 
VDD 
Min 
Typ# 
Max 
Unit 


Output 
Rise 
and 
Fall 
Time 
ITLH· 
n' 
'TLH. 'THL - 
(1.5 ns/pF) 
CL + 25 ns 
tTHL 
5.0 
- 
100 
200 
tTLH. 'THL - 
(0.75 nS/pF) CL + 
12.5 ns 
10 
- 
50 
100 
tTLH. 'THL - 
(0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation Oelay Time 
IPLH 
n, 


A. C. W • VOO; B. E = Gnd; 0 • Pulse Generator 
tpLH' 
0.7 
n,/pFI 
CL + 290 n, 
5.0 
- 
375 
960 


tpLH' 
10.66 n,/pF) 
CL + 127 n, 
10 
- 
160 
400 
tpLH' 
10.5 n,/pFI 
CL + 85 n, 
15 
- 
110 
300 


tPHL' 
11.7 n,/pFI 
CL + 345 n, 
tPHL 
5.0 
- 
430 
1200 
n, 


IpHL' 
10.66 n,/pF) 
CL + 162 n, 
10 
- 
195 
540 
tpHL' 
10.5 n,/pF) 
CL + 95 n, 
15 
- 
120 
410 


A. B. C. D. E = Pulse Generator; 
W - VOO 
tPLH 
n, 
tPLH' 
11.7 n,/pF) 
CL + 170 n, 
5.0 
- 
255 
640 
tPLH = 10.66 n,/pF) 
CL + 87 n, 
10 
- 
120 
300 
tpLH = 10.5 n,/pF) 
CL + 60 n, 
15 
- 
85 
210 


tpHL' 
11.7 n,/pFI 
CL + 195 n, 
tpHL 
5.0 
- 
280 
750 
ns 
tPHL = 10.66 n,/pFI 
CL + 92 n, 
10 
- 
125 
330 
tPHL' 
10.5 n,/pFI 
CL + 75 n, 
15 
- 
100 
250 


A. B. C, O. E = Gnd; W '" Pulse Generator 
tpLH. 
n, 


tPHL. tpLH: 
11.7 n,/pFI 
CL + 145 n, 
tPHL 
5.0 
- 
230 
575 
tPHL. tPLH • 10.66 n,/pF) 
CL + 72 n, 
10 
- 
105 
265 
tPHL 
tpLH: 
10.5 n,/pF) 
CL + 50 n, 
15 
- 
75 
190 


A 


B 
Z 
C 
0 


E 
ICL 
W 


A 


B 


C 
Z 
0 


E 


W 
r 


CL 


B 
VSS 
20 ns 
20 ns 


~ 


---j 


50% 
VOO 
Vin 
_ Duty 
Vss 
Cycle 
• 


o 
A 


B 


C 
o 


E 


SEQUENTIAL LOGIC APPLICATIONS 


COINCIDENT FLIP·FLOP 
. 
y 
on+1 
0 
0 
0 
0 
1 
a 
1 
0 
a 
1 
1 
1 


. 
y 
on+l 


0 
0 
1 
0 
1 
2T 
, 
0 
2T 
1 
1 
0 


A flip·flop 
with three output 
conditions. 
where the third state is 
in oscillation between "'" 
and "0". 
The period of oscillation 
is twice the delay of the gate and the feedback el(!ment. 


.• 
y 
Z 
on+1 
0 
0 
0 
0 
0 
0 
1 
an 
0 
1 
0 
an 
0 
1 
1 
an 
, 
0 
0 
an 
1 
0 
1 
an 
1 
1 
0 
an 
1 
1 
, 
1 


The flip-flop changesstate only when all ""s" 
or aU "O's" are 
entered. 
This configuratiol"! 
may be extended by cascading MS 
gates to cover 
n·inputs 
where 
all inputs 
must 
be ",'," 
or "O's" 


before the output will change. As an example. this configuration 
isuseful for controlling 
an "-stage up/down counter that is to cycle 
from 
8 minimum to maximum count and back again without 
flipping over (from all ",'s" 
to all "O·s".1 


'-~--l 
~-rl_:n> 
~~ 
t-· 
AND3 


-~ 


DOUBLING 
THE 
WEIGHT 
OF 
INPUT 
VARIABLE 
A 
W 
BY TYING 
IT TO ANY 
TWO 
INPUTS 
w-·-~J1:>' 
<A"""O'~O'''. 


T 
W 
CORRELATION 
OF MULTIPLE 
SAMPLES 


0- J1Y 
WITH 
A TEST 
BIT 


50 
A 


S1 
B 
Z 


52~ 
Correlation 
of 60%. 80%.100% 
53- 0 
54 
E 


~tJk: 
SO 
B 
Z 


51 
C 
52 
0 


53 
E 


The 
gate 
will 
ha",e a .",. 
output 


if the 
test 
bit 
To matche, 
or COf· 


relates 
with 
J. 4 or 5 of the umple 


bitsSO-S4 


T°tJkW 
TO 
A 


TO 
B 
Z 
SO 
C 
Correlation of 100" 


51 
0 


52 
E 


Each package labeled MS is a single majority 
logic gate 


using 
five 
inputs. 
A thru 
E. and one output 
Z. 


t. 
Majoritv 
Logic Gate Arrav 
yielding 
the symetric 
function 
of 1 thru 
7 variables 
true, 
out 
of7 
input 
variables 
(Xl 
... 
X7) 


'e.g., if any two-input 
variables 
.re 
true 
(togical 
"'" 
L Z 1 and 
Z2 .r. true (logical .,,") 


• 


• 


([!jMOTOROLA 


The MC14531B 12-bit parity tree is constructed with MOS P- 
channel and N-channel enhancement mode devicesin a singlemono- 
lithic structure. The circuit 
consists of 12 data-bit inputs (DO thru 
011), and even or odd parity selection input.(W) and an output (Q). 
The parity selection input can be considered as an additional bit_ 
Words of lessthan 13 bits can generatean even or odd parity output 
if the remaining inputs are selected to contain an even or odd num- 
ber of ones, respectively. Words of greater than 12-bits can be ac- 
commodated by cascadingother MC14531B devices by using the W 
input. Applications include checking or including a redundant (par- 
ity) bit to a word for error detection/correction 
systems,controller 
for remote digital sensorsor switches (digital event detection/cor- 
rection), or asa multiple input summer without carries. 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
All Outputs Buffered 


• 
Capable of Driving Two low-Power TIl 
loads or One low-Power 
Schottky TIl 
load Over the Rated Temperature Range 


• 
Variable Word length 


• 
Diode Protection on All Inputs 


Symbol 
P.r.met.r 
V.lue 
Unit 


VOO 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
=10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
°C 


TL 
Lead Temperature (S·Second Soldering) 
260 
°C 


'"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature Derating: Plastic "p" Package: - 12mWrc 
from 65°C to 85°C 
Ceramic "L" 
Package: 
- 12mWrC 
from 100"C to 125°C 


DO 
7 


01 
6 
02 
5 


03 
4 
04 
3 


05 
2 
06 
1 


07 
15 


08 
14 


09 13 


010 
12 


011 
11 


Odd/Even 
W 
10 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C to + 85"C 


MC'4XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


TRUTH 
TABLE 


INPUTS 
OllTPUT 


DECIMAL 
tOCTALI 
W 
011 
01. 
.. - 
02 
01 
DO 
EQUIVALENT 
O· 
• 
0 
0 
0 
0 
• 
• 
'0' 
• 
• • 
• 
• 
• · 
· 


<1, 
1 
0 
0 
0 
0 
1 
• , 
'2' 
· 
0 
0 
0 
0 · 


1 
3 
<3, 
0 
0 
0 
0 
1 
0 
0 · 
,., 
1 
0 
• 
0 
· 


0 · 


5 
... 
0 
0 
0 
0 
· · 
• 
• 
'51 
0 
• • 
0 
1 
1 
1 
, 
'" 
1 


, · 
, 
• 
0 
0 
81.41111101 
• 
, · 
· 
• 
• 
, 
818S 
1111111 
· 
· · 
, 
• 
, 
0 
81861177721 
· 
· 
, 
· 
0 · · 


8187 
(111131 
0 
, 
, 
, 
, 
0 
• 
.'88 n11741 
· 
, 
, 
, 
, 
• 
, 
8189un7S, 
0 
, · 
, 
., 
, 
• 
81.c»117116J 
0 
, 
, 
, 
1 
, 
1 
81811111111 
1 


·0· 
EII.n Pe';'Y 
flkl1. 
Mev 'ed ••• n. 
to 'U;1 eppltg,1ion 
by 
1 • Odd 
Per;,,, 
manipuw'ine 
W ""d/o. 
OttMol'•••• ileO •• 0'. 


Voo 
T10w . 
25°C 
Th' h' 
Ch.rKteristic 
Symbol 
Vde 
Min 
Mo. 
Min 
Typ # 
Mo. 
Min 
M•• 
Unit 


Output 
Voltag~ 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
= 
VOO 
or 0 
10 
- 
0.05 
- 
a 
0.05 
- 
0.05 
15 
- 
0.05 
- 
a 
0.05 
- 
0.05 


.",. 
Level 
VOH 
50 
4.95 
- 
4.g5 
5.0 
- 
4.95 
- 
Vdc 


Vin 
= 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
.- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" level 
VIL 
Vdc 
(Va 
~ 4.5 or 0.5 Vdc) 
5.0 
- 
15 
- 
2.25 
1.5 
- 
1.5 


(Va 
~ 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
30 
- 
3.0 


(VO ~ 
13.5 or 1.5 
Vdc) 
15 
- 
4.0 
.. 
6.75 
40 
- 
4.0 


"'" 
Level 
VIH 
(VO ~ 0.5 or 4.5 Vdc) 
5.0 
35 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(VO ~ 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO ~ 
1.5 or 13.5 
Vdc) 
15 
110 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drl\le 
Currenl 
IAL 
DeVice) 
10H 
mAde 


{VOH - 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
50 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


{VOH 
= 9.5 Vdcl 
10 
-'.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


{VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
DOlle Current 
(CLlCP 
DeVIce) 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
I -2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
SInk 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input 
Current 
{AL Devlcel 
Ion 
15 
,01 
,000001 
1O.' 
, 1.0 
,wAde 


Input 
Current 
(CLlCP 
DeVice) 
lin 
15 
- 
,03 
. 
10.00001 
! 0.3 
- 
, 1.0 
/-lAde 


Input Capacitance 
Con 
- 
- 
- 
50 
7.5 
- 
- 
pF 
IV.n '- 0) 


QUiescent 
Current 
IAL 
DeVice) 
100 
5.0 
- 
50 
- 
0.005 
5.0 
- 
150 
""Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
-- 
0.015 
20 
- 
600 


QUlescenl 
Currenl 
ICLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
,...Adc 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
TOlal SupplV Curre~t··t 
IT 
5.0 
'T' 
(0.25 .AlkHzI 
f t 100 
JJAdc 
(DynamiC 
plus 
Quiescenl, 
10 
IT' 
10.50 .A/kHz) 
f • 
100 


Per 
Package) 
15 
IT - (0.75 
IJA/kHzl 
f 
t 100 
ICL - 50 pF on all OUlpulS. 
all 


buffers 
SWitching) 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static Yoltages 
or electric 
fields. 
However, 
precautions 
must be taken to avoid 
applications 
of any voltage 
higher 
than maximum 
rated 
voltages 
to this high- 
impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be constrained 
to the range VSS '" (Vin or Vout) 
'" VOO' 
Unused 
inputs 
must always 
be tied to an appropriate 
logic voltage 
level (e.g., 
either 
VSS or VOO). Unused 
outputs 
must be left open. 


r--------.-----------.-~ 
---~_:_~- 


a-oct 
•• istic 
Symbol 
VOO 
Min 
Typ" 
Mo. 
Unit 


OUtput Rile 
and Fall Time 
'TLH. 
ns 
'TLH. 
ITHL 
- 
(1.5 nslpF) 
CL + 25 ns 
'THL 
5.0 
- 
100 
200 
'TLH. 
ITHL = (0.75 nslpF) 
CL + 12.5 ns 
10 
- 
50 
100 


ITLH. ITHL = (0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Propagation 
Delay Time 
IPLH. 
ns 
Data to a 
IPHL 
IPLH. 
lPHL 
• 11.7 ns/pFI 
CL + 355 ns 
5.0 
- 
440 
1320 


lPLH. 
IPHL = 10.66 ns/pFI 
CL + 142 ns 
10 
- 
175 
525 


I 


tPLH. 
tPHL 
• (0.5 ns/pFI 
CL + 95 ns 
15 
- 
120 
360 


Odd/Even 
to a 
'PLH. 
tpHL 
= (1.7 ns/pFI 
CL + 165 ns 
5.0 
- 
250 
750 


I 


'PLH. 
tPHL 
= (0.66 ns/pF) 
CL + 67 ns 
10 
- 
100 
300 


'PLH 
'PHL 
= (0.5 ns/pF) 
CL + 45 ns 
15 
70 
210 


20~' 
20ns 
90% ---VOO 


Input 
50,," 
10" 
VSS 


(0 or WI tpLH 
_ 
tpHL 
---VOH 
SO" 


@MOTOROLA 


The 
MC14532B 
is 
constructed 
with 
complementary 
MOS 
(CMOS) enhancement mode devices. The primary function of a pri· 
ority 
encoder is to provide a binary addressfor the active input with 
the highest priority. 
Eight data inputs (DO thou 07) and an enable 
input IEin) are provided. Five outputs are available. three are address 
outputs (00 thru 021, one group select (GS) and one enable output 
(Eout). 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capab!e of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 


Symbol 
Par. meter 
Value 
Unit 


VOO 
DC 
Supply 
VOltage 
- 05 
to 
+ 18 0 
v 


V.n. 
Vout 
Inpul 
or 
Output 
Voltage 
(DC 
or Transient) 
- 0 5 to VOD + 0 5 
V 


11n_lout 
Inpul 
or Output 
Current 
(DC 
or 
TranSient). 
per 
Pin 
;:10 
mA 


Po 
Power 
DISSipation. 
per 
Packaget 
500 
mW 


T sIn 
Storage 
Temperature 
- 65 to 
+ 150 
"C 


TL 
I Lead 
T~mperalure 
(B-Second 
Soldering) 
260 
"C 


"MaXimum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
10 the 
device 
may 
occur 
tTemperalure 
Derating 
PlastiC 
"p" 
Package 
- 12mWrC 
from 65"C to 85°C 


Ceramic 
"L" 
Package. 
-12mW/oC 
from 
100°C 
to 
125°C 


INPUT 
OUTPUT 


Ein 
07. 
06 
05 
04 
03 
02 
01 
00 
GS 
a2 
al 
ao 
Eout 
0 
'x 
X 
X 
X 
X 
X 
X 
X 
0 
0 
0 
0 
0 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 


1 
1 
X 
X 
X 
X 
X 
X 
X 
1 
1 
1 
1 
0 
1 
0 
1 
X 
X 
X 
X 
X 
X 
1 
1 
1 
0 
0 


1 
0 
0 
1 
X 
X 
X 
X 
X 
1 
1 
0 
1 
0 


1 
0 
0 
0 
1 
X 
X 
X 
X 
1 
1 
0 
0 
0 


1 
0 
0 
0 
0 
1 
X 
X 
X 
1 
0 
1 
1 
0 


1 
0 
0 
0 
0 
0 
1 
X 
X 
1 
0 
1 
0 
0 
1 
0 
0 
0 
0 
0 
0 
1 
X 
1 
0 
0 I ~ 
0 
1 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 


This 
device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to 
high static 
voltages 
or electric 
fields. 
However, 
precautions 
must 
be taken 
to ayoid applications 
of any Yoltage 
higher 
than maximum 
rated Yoltages 
to 
this high-impedance 
circuit. 
For proper 
operation, 
Vin and Vout 
should 
be 
constrained to the range VSS '" (Vin or Vout) '" VOO' 
Unused inputs must always be tied to an appropriate 
logic Yoltage level (e.g., 


either VSS or VOO)' Unusedoutputs must be left open. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
~8 


C Series: 
- 40·C to + 85·C 
MC14XXXBCP 
(PI •• tic Package) 


MCt4XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


16 • 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


• 


Voo 
TI_ . 
2SoC 
Th·""· 
C'-_istic 
Symbol 
Vdc 
Min 
Mo. 
Mi" 
Typ# 
Mo. 
M," 
Mo. 
Unit 


{Outwl 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vln- 
VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
O.OS 
15 
- 
0.05 
.- 
0 
0.05 
- 
0.05 


Vln- 
0 or VOO 
"1" 
L.wl 
VOH 
S.O 
4.95 
- 
4.95 
S.O 
- 
4.95 
- 
Ydc 


10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
IS 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Ydc 


(VO • 4.5 or O.S Ydcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
IVO • 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(yO' 
13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
YIH 
IVO • O.S or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Ydc 
(VO • 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current (AL Device) 
10H 
mAde 


IVOH' 
2.S Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
IVOH • 4.6 Vdcl 
5.0 
0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.S Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
IYOH' 
13.S Ydcl 
15 
-4.2 
- 
-3..4 
-8.8 
- 
-2..4 
- 


(VOL' 
0.4 Ydcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(YOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
IVOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Driw 
Current 
(CL/CP 
Device) 
'OH 
mAde 
IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-2..4 
- 
-1.7 
- 
(VOH' 
4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Ydcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(YOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Ydcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2~4 
- 


Input 
Current 
tAL Device) 
lin 
15 
- 
±01 
- 
±O.OOOOI 
to.l 
- 
± 1.0 
~Adc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
±0.3 
- 
±O.OOOOI 
±O.3 
- 
± 1.0 
...,.Adc 


Input 
Capacitance 
ein 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
IVin' 
01 


Quiescent Current IAL Device) 
'DO 
5.0 
5.0 
0.005 
5.0 
150 
£lAde 


(Per Package) 
10> 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.Q15 
20 
- 
600 


Quiescent Current cellep 
Device' 
'DO 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
...,.Adc 
IPo, Pack_I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply Current-·t 
IT 
5.0 
IT· 
(1.74 .A/kHzl 
f + 100 
...,.Adc 
(Dynamic plus Quiescent, 
10 
IT • (3.65 .A/kHzl 
, + 100 
Per Package) 
15 
IT' 
(5.73 
.A/kHzl 
, + 100 
eeL'" 50 pF on all outputs, 
all 
buffers 
SWitching) 


Ch.racteristic 
Symbol 
VDD 
Min 
-'--Typ 
II 
Max 
Unit 


Output Rise and Fall Time 
tTLH. 
n, 


tTLH. tTHL = (1.5 ns/pF) CL + 25 ns 
'THL 
5.0 
- 
100 
200 


tTLH, tTHL ~ (0.75 ns/pF) 
CL + 12.5 ns 
10 
- 
50 
100 


'TLH, 'THL 
~ (0.55 ns/pF) 
CL + 9.5 ns 
15 
- 
40 
80 


Progagation Delay 
Time - 
Ein to Eout 
'PLH, 
n, 


tPLH. 
'PHL' 
(1.7 n,/pFI 
CL + 120 n, 
tPHL 
5.0 
- 
205 
410 
tpLH. 
'pH L : (0.66 n,/pF I CL + 77 n, 
10 
- 
110 
220 


tPLH. 
tPHL 
= (0.5 n,/pFI 
CL + 55 n, 
15 
- 
80 
160 


Propagetion Delay Time 
« Ein to GS 
IPLH. 
n, 
IpLH. 
tPHL • (1.7 n,/pFI 
CL + 90 n, 
tPHL 
5.0 
- 
175 
350 
tPLH. 
tpHL 
: (0.66 n,/pFI 
CL 57 n, 
10 
- 
90 
180 
tPLH. 
tPHL' 
(0.5 n,/pFI 
CL + 40 n, 
15 
- 
65 
130 


ProPagation Delay Time - 
Ejn to an 
tPHL. 
n, 


tPLH. 
tPHL 
= (1.7 n,/pFI 
CL + 195n, 
'PLH 
5.0 
- 
280 
560 
tPLH. 
'PHL 
• (0.66 n,/pF) 
CL + 107 n, 
10 
- 
140 
280 
'pLH 
tPHL 
= (0.5 ns/pFI 
CL + 75 n, 
15 
- 
100 
200 


Propagation Delay Time - 
On to an 
tPLH. 
n, 


IpLH. 
'PHL 
= 11.7 ns/pFI 
CL + 265 ns 
'pHL 
5.0 
- 
300 
600 
IpLH. 
tPHL 
= (0.66 n,/pFI 
CL + 137 ns 
10 
- 
170 
340 
tPLH. 
tPHL 
• (0.5 n,/pFI 
CL + 85 ns 
15 
- 
110 
220 


Propagation Delay Time - 
On to GS 
tpLH. 
n, 
'pLH. 
'pHL 
= (1.7 ns/pFI 
CL + 195 ns 
tPHL 
5.0 
- 
280 
560 
tPLH, 
'PHL 
: (0.66 ns/pFI 
CL + 107 n, 
10 
- 
140 
280 
tpLH 
tpHL 
= (0.5 ns/pFI 
CL + 75 n' 
15 
- 
100 
200 


E,n 
00 


0' 
Eout 


02 
00 
03 
A' 
04 
02 
05 
G5 


06 
07 


Output 
VGS'VOO 
VGS = -VOO 
Under 
VDS 
= Vout 
VOS: 
Vout -VOO 
Test 
Sink Current 
Source Current 
DO thru 07 
E," 
DO thru 06 
07 
E," 
~ 


.. 
-j( _.. 
0 
0 
0 
1 
00 
X 
0 
0 
1 
1 
01 
X 
0 
0 
1 
1 
02 
X 
0 
0 
1 
1 
GS 
X 
0 
0 
1 
1 


Ein 
Eout 


DO 


0' 
ao 


Programmable 
02 


Pulse 
03 
a, 


Generator 
04 


05 


D6 


07 


Vss 


50% 


50~ 


50% 


Eout-Ein-50-01_52-53-54-5s-66-67 


00:: 
Ein - (01 _ 52 - 04 - 06 + 03 - 04 _ 56 
~ os - 06 
+ 07) 
01- 
Ein-(02-04-0S+ 
03_04_0S+ 
06+ 
07) 


02:: 
Ein - (04 + 05 + 06 
+ 07) 
GS= Ein-(OO+ 
01 + 02 
+ 03 
+ 04 + 05 + 06+ 
07) 


The digital 
eight-bit 
word 
to be converted 
is applied 
to the inputs 
of the MC14512 
with the most significant 
bit at Xl 
and the least significant 
bit at XO. A clock in- 
put of up to 2.5 MHz (at VDD = 10 VI is applied to the 
MC1452OB. 
A 
compromise 
between 
Ibias 
for 
the 
MCl710 
and llR between 
N and P-channel 
outputs 
gives 
a value 
of R of 33 k ohms. 
In order 
to filter 
out the 
switching 
frequencies, 
RC should 
be about 
1.0 ms (if 
R = 33 k ohms, 
C '" 0.03 IlF l. The analog 3.0 dB band- 
width would then be dc to 1.0 kHz. 


ANALOG 
TO DIGITAL 
CONVERSION 


An analog signal is applied 
to the analog input of the 
MCl710. 
A digital eight-bit 
word known 
to represent 
a 
digitized 
level less than the analog input is applied 
to the 
MC14512 
as in the 
D to 
A conversion. 
The 
word 
is 
incramented 
at rates 
sufficient 
to allow steady 
state 
to 
be reached 
between 
incrementations 
(i.e. 3.0 
msl. The 
output 
of 
the 
MC1710 
will change 
when 
the 
digital 
input 
represents 
the first digitized 
level 'above the analog 
input. 
This 
word 
is the 
digital 
representation 
of 
the 
analog word. 


Digital 
I nputlOutput 


a_1Sit Word 
to be Converted 


Stop 
Word 
Inet.mentation 


@MOTOROLA 


The MC14534B is composed of live BCD ripple counters that have their 
respective outputs multiplexed using an internal scanner. Outputs of each 
counter are selected by the scanner and appear on four (BCD) pins. Se- 
lection is indicated by a logic high on the appropriate digit select pin. Both 
BCD and digit select outputs have three-state 
controls providing an 
"open-circuit"' when these controls are high and allowing multiplexing. 
Cascading may be accomplished by using the carry-out pin. The counters 
and scanner can be independently reset by applying a high to the counter 
master reset (MR) and the scanner reset (SR). The MC14534B was spe- 
cifically designed for application in real time or event counters where con- 
tinual updating and multiplexed displays are used. 


• 
Four Operating Modes (See truth table) 


• 
Input Error Detection Circuit 
• 
Clock Conditioning 
Circuits for Slow Transition 
Inputs 


• 
Counter Sequences on Positive Transition 
of Clock A 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TIL Load Over the Rated Temperature Range 


~~l 
LSUFFIX 
~vrill 
~ERAMIC 
PACKAGE 


1 
CASE 
623 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 
709 


C Series: 
- "O·C 
to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


II 


Symbol 
Per.me••, 
Velue 
Unit 


VOO 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin. You. 
Input or Output Vottage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. lout 
Input or Output Current (DC or Transient), per Pin 
::t10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


T.ta 
Storage Temperature 
-65 
to + 150 
·C 


TL 
lead 
Temperature 
(8-Second 
Soldering) 
260 
·C 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS '" 
(Vin 
or 
Vout) '" VOO· 
Unused 
inputs 
must always 
be tied to an ap- 


propriate 
logic voltage 
level (e.g., either VSS 
or VOO). Unused 
outputs 
must be left open. 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
-12mW/oC 
from 
6SoC to 8SoC 


Ceramic 
"l" 
Package: 
-12mWrC 
from 
100°C 
to 
12SoC 


Voo 
TI_ . 
25"c 
Th•• 
• 


Characteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
Typ# 
Mo. 
Mi•• 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin=O 
or VOO 
to 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 


(VO - 4.50,0.5 
Vdcl 
50 
- 
1.0 
1.5 
1.0 
- 
1.0 
- 


(VO " 9.0 0' 1.0 Vdcl 
10 
- 
2.0 
- 
3.0 
2.0 
- 
2.0 


(VO" 
13.50' 
1.5 Vdcl 
15 
- 
3.0 
- 
4.5 
3.0 
- 
3.0 


(VO = 0.5 0' 4.5 Vdcl 
••, •. Level 
VIH 
5.0 
4.0 
- 
4.0 
3.5 
- 
4.0 
- 
Vdc 


(VO" 
1.00,9.0 
Vdcl 
10 
8.0 
- 
8.0 
7.0 
- 
8.0 
- 
(VO = 1.5o, 
13.5Vdcl 
15 
12 
- 
12 
II 
- 
12 
- 


Output 
Drive 
Current 
(A L DeVice) 
IOH 
mAdc 


1VOH 
2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-3.1 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.67 
- 
-0.36 
- 
(VOH 
95 Vdcl 
10 
-1.6 
- 
-0.5 
-1.3 
- 
-0.9 
- 
(VOH 
13.5Vdcl 
15 
-4.2 
- 
-3.4 
-5.4 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
~ 
0.5t 
0.88 
- 
0.36 
- 
mAdc 


(VOL - 05 Vdcl 
10 
1.6 
- 
t.3 
2.25 
- 
0.9 
- 
(VOL .. 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(Cl/CP 
DeVice) 
IOH 
mAde 


(VOH· 
25 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-3.0 
- 
-1.7 
- 


(VOH " 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.64 
- 
-0.36 
- 
(VOH - 9.5 Vdcl 
to 
-1.3 
- 
-1.1 
-1.6 
- 
~0.9 
- 


(VOH - 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-5.3 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAdc 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 
(VOL" 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
Pins 
1 and 
22 
mArie 


IAL 
Devicel 
(VOH 
= 2.5 Vdcl 
Souice 
IOH 
5.0 
-0.3t 
- 
-0.25 
-0.8 
- 
-0.17 
- 


(VOH 
= 9.5 Vdc) 
10 
-0.31 
- 
-0.25 
··0.4 
- 
-017 
- 
(VOH " t 3.5 Vdcl 
15 
-0.9 
- 
-0.75 
-1.6 
- 
-0.51 
- 
(VOL" 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.024 
- 
0.02 
0.03 
- 
0.014 
- 
mAde 


(VOL" 
0.5 Vdcl 
10 
0.06 
- 
0.05 
0.09 
- 
0.035 
- 


(VOL 
= 1.5 Vdcl 
t5 
1.3 
- 
0.25 
1.63 
- 
0.175 
- 


Output 
Drive 
Current 
Pins 
1 and 
22 
mAdc 


(CL/CP 
Device) 
IVOH 
= 2.5 Vdcl 
Source 
IOH 
50 
-O.tl 
- 
-0.10 
-0.8 
- 
-0.08 
- 
(VOH 
= 9.5 Vdcl 
10 
-0.11 
- 
-0.10 
-0.4 
- 
-0.08 
- 


(VOH = 13.5 Vdcl 
15 
-0.33 
- 
-0.30 
-1.6 
- 
-0.24 
- 


(VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.012 
- 
0.01 
0.02 
- 
0.008 
- 
mAde 


(VOL 
= 0.5 Vdc) 
10 
0.03 
- 
0.Q25 
0.05 
- 
0.02 
- 


(VOL = 
1.5 Vdcl 
15 
0.14 
- 
0.12 
1.35 
0.10 
- 


Input 
Current 
(AL 
Devicel 
lin 
t5 
- 
,O.t 
- 
,O.oooot 
'0.1 
- 
tl.0 
~Ade 


Input 
Current 
(CLlCP 
Devicel 
lin 
·15 
- 
,0.3 
- 
'0.סס OO1 
10.3 
,1.0 
,...Ade 


Input 
Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin" 
01 


°Tlow - 
- SsoC for AL Device, 
- 40°C tor CUCP 
Device. 


Thigh = + t 2S·C tor AL Device, 
+ 8SoC tor CUCP 
Device. 


#Oat. 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 
intended 
as an indication 
of the IC's potential 
performance. 


Voo 
TI_ . 
25"C 
Th ••• • 


Characteristic 
Symbol 
Vd. 
Min 
M •• 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Quiescent Current tAL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
.uAdc 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quie5Cent 
Current 
(CL/CP 
Devicel 
'DO 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
"",Adc 
IP., Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current··t 
IT 
5.0 
IT = 10.5 ~A/kHll 
f', 
DO 
#lAde 


CDynamic 
plus 
Quiescent, 
10 
IT = 11.0 ~A/kHl) 
f + 100 
Scan Oscillator 


Per Pack~) 
15 
IT = 11.5 ~A/kHll 
f + 100 
Frequencv:::: 
1 kHz 


(el 
= SO pF 
on all outputs, 
all 


buffers switching) 


Three·State 
Leakage Curren 
I 
ITL 
15 
!O 
1 
- 
·0 00001 
, 01 
- 
,3.0 
jJAdc 


(AL 
Device) 


Three·State 
Leakage 
Cur,enl 
ITL 
15 
,1 a 
.. 
. 000001 
t t.O 
- 
>7.5 
,uAde 


ICL/CP 
DeVIce) 


VDD 
Char.cterl.tlc 
Symbol 
Vdc 
Mln 
Typ" 
Max 
Unit 


Output Rise and Fall Time 
'TLH' 
ns 


'THL 
5.0 
- 
100 
200 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Delay Time, 
'pLH. 
"'s 
Clock to Q 
'PHL 
'plH. 
'pHL - (1.8 ns/pF) CL + 4.0 "'S 
5.0 
- 
4.0 
8.0 


'pLH. 'pHL - (0.8 ns/pF) CL + 1.5 "'s 
10 
- 
1.5 
3.0 


'pLH. 'PHl- 
(0.6 nS/pF) CL + 1.0 "'S 
15 
- 
1.0 
2.25 


Clock to Carry Out 
'pLH 
"'s 
'pLH ~ (1.8 ns/pF) Cl + 3.3 "'s 
5.0 
- 
3.3 
6.6 


tpLH 
= (0.8 
ns/pF) 
CL + 1.1 
•.•.5 
10 
- 
1.1 
2.2 


IplH - (0.6 ns/pF) Cl + 0.8 "'s 
15 
- 
0.8 
1.7 


Master Reset to a 
tpHl 
"'s 
IpHl=(1.8 
ns/pF),Cl 
+1.8 "'s 
5.0 
- 
1.8 
3.6 


IPHl ~ (0.8 nS/pF) CL + 0.6 "'s 
10 
- 
0.6 
1.2 


IPHl - (0.6 nslpF) CL+ 0.5 "'s 
15 
- 
0.5 
0.9 


Master Reset to Error Out 
IPHl 
"'s 
'pHL - (1.8 ns/pF) CL + 0.57 "'S 
5.0 
- 
0.6 
1.5 


'pHL ~ (0.8 ns/pF) CL + 0.19 "'s 
10 
- 
0.2 
.5 


tpHl 
= (0.6 
ns/pF) 
CL + 0.11 
•.•.s 
15 
- 
0.12 
0.38 


Scanner Clock to Q 
'pLH. 
"'s 
IpLH. 
tPHL = (1.8 
ns/pF) 
CL + 1.8 
J.L.S 
tPHL 
5.0 
- 
1.8 
3.6 


'plH. 
IPHl - (0.8 ns/pF) CL + 0.6 "'s 
10 
- 
0.6 
1.2 


tplH. 
'pHL - (0.6 ns/pF) CL + 0.5 "'S 
15 
- 
0.5 
0.9 


Scanner 
Clock 
to Digit 
Select 
'plH. 
"'S 
'pHL. IplH - (1.8 ns/pF) CL + 1.5 "'S 
tplH 
5.0 
- 
1.5 
3.0 


'pHL. IplH ~ (0.8 nslpF) CL + 0.5 "'s 
10 
- 
0.5 
1.0 


IpHl. 
tpLH = (0.6 
nslpF) 
CL + 0.4 
•.•.5 
15 
- 
0.4 
0.75 


Propagation 
Delay Time 
IpHZ 
5.0 
- 
75 
150 
ns 


3-State 
Control 
to a 
10 
- 
45 
90 
15 
- 
40 
80 


tpZH 
5.0 
- 
120 
240 
ns 
10 
- 
55 
110 


15 
- 
40 
80 


tpLZ 
5.0 
- 
120 
240 
ns 
10 
- 
55 
110 
15 
- 
45 
90 


IPZl 
5.0 
- 
160 
320 
ns 
10 
- 
70 
140 
15 
- 
45 
90 


Clock Pulse Frequency 
'el 
5.0 
- 
1.0 
0.5 
MHz 
10 
- 
3.0 
1.0 
15 
- 
5.0 
1.2 


Clock or Scanner Clock Pulse Width 
'WH 
5.0 
1000 
500 
- 
ns 
10 
500 
190 
- 
15 
375 
125 
- 


Scanner Reset Pulse Width 
tw 
5.0 
320 
160 
- 
ns 
10 
130 
65 
- 
15 
80 
40 
- 


Scanner Reset Removal Time 
trem 
5.0 
900 
270 
- 
ns 
10 
150 
80 
- 


15 
100 
50 
- 


Master 
Reset 
Pulse 
Width 
IWH(R) 
5.0 
2000 
900 
- 
ns 


10 
600 
300 
- 
15 
450 
250 
- 


Master Reset Removal Time 
trem 
5.0 
1060 
550 
- 
ns 
10 
350 
205 
- 
15 
250 
140 
- 


*The formulas 
given 
are for the typical 
characteristics 
only at 2S"C. 


#Oata 
labelled 
"Typ" 
is not to be used 
for design 
purposes 
but is 


Intended 
as an indication 
of the IC's potential 
performance. 


• 
2 
3 
• 
5 
6 
7 
8 
9.0 
.02 
.03 
.~ 
.05 
.06 
C'ock Ann 
n n n n n n n n__ n 
n __ n __..fi 
n n r 
-i..,'"'t'-f'-i~",,~ 
•.•~t 
-1ft- 
-ff- 
-It- 
" 
-f~"" 


H H H H H'r---ilr--1!r--W-,:r--" 
H 
Units 00 ....I f-J 
,......~ 
~ 
HJ 
I-U 
f4.' 
I 
~ 
LlJ 
I 
I 
I 
I 
I 
III 
r--1 r--1 ,~ 
I 
II 
, 
II 
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Un'tsO' 
--I 
J--I 
~--4----+---~-_...J.L_-....L+J- 


I 
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~I 
I I 
I I 
I I 
II 
II : 
-_........ 
~--~---4----ri--4--~ 
I 
I 
I 
II 
--r--tl-- =-R-:-V--:-U-:iL:ilL 
tL 
I 
I 
H 
I 
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--- 
--ti---..fi- __...J ~u...n.uJlL 
I 
I 
'I 
I 
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I 
I 
'I 
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-1: 
~: 
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---------- 
--11- --:1l--1L--:ili- 
fl' 
H 
01 
H: 
-----. 
-f !----Il----I~ 
I-- --1: 
1 
II' 
ThoUIM'ds 
00 
1 
- H--:ll.u44- 
1l. iL iLL 
--------------------------tL--i:~i_ 


Ten Thoulllr'lds 
00 
•••r--il-__ilL 


II 
II 
I 
" 
,:! 
--------------------------- ..---~ 
II 
II I 
l-----------n.--JTl- 
________ 
tL' 
Me•• r R_t 1 
. 


Mode 
A 
ModeS 
First Stage Output 
Carry to Second Stage 
Application 


0 
0 
Normal Count and Display 
At 9 to 0 transition of first stage 
S-diglt Counter 


0 
• 
Inhibited 
Input Clock 
Test Mode: Clock directly into stages 1, 2, and 4. 


1 
• 
Inhibited 
At 4 to 5 transition of first stage 
4-digit counter with 
+ 10 and roundoff at front end. 


1 
0 
Counts 3. 4, 5. 6, 7 = 5 . 
At 7 to 8 transition of first stage 
4-digit counter with 1/2 pence capability. 


Counts 8, 9, 0.1,2" 
0 
• 


• 


1000 


500 
i300 
....s 
! 
100 
:Ii 
50 
~ 
~ 
30 
~ 
..•.•. 
10 
~ 
~ 
5.0 
• 
3.0 
Sbwinthis •.••••• 
.....tu"'no.ror 


1.0 -_. 


3.0 
5.0 
1.0 


Note: 
If 
Mode 
8 - 
" 
the first 
dllcede i, Inhibited 
end 51 will 
not go high,.,.d 
t•.••cycle will be ahor.ned 
to four ataSJltI. 
055 i, .Iec;~ 
automatlcelly wh., Scann. 
R_t 
loes 
hlgh. 


I 
I 
I 
.' 
_ 


Good Pul. Ierror 
Error 
3 
• 


Note: 
.Error 
detector 
look, 
for 
lnver"-d 
pul. on Clock 
8. Whenever. 
POliti ••• 
edgII at Clock A I, not eecomp.w\illd 
by • n••• tive put. 
at Clock 8 (or 
vlce-w,...) 
within 
a time periOd of the 
one,shou 
an error I, counted. 
Thr_ 
.ron 
result in Error Out to go to • "'''. 
If .ror 
detectiOn 
I, not 
needed, tl. Clock B high or low and "'ve 
Pin. 1 and 22 unconn.c~. 


Not.: 


1. The tkew I, the time diff••.•nce be- 


tween 
the 
low·to--hlgh 
fran.tlon 
of 
CA to the hlgh·ta-Iow transition of 
Ce or vlce-ver ••. capacitors 
C1 • C22 
tied from pins 1 and 22 to Vss. 


2. Thl, •• ph I, accurate for C1 - C22:> 
100pF 
. 


3. When the .r,or 
detIKtion circuitrY Is 
not "..." 
pins 1 and 22 .r. 
left open. 


a_in 
thOr.,. 
•••yor lnIy not 
mutt 
in cwnttd 
"'lit. 


MC1~63~B 
.JL 
MC1~63~B 


Clock 
A 
Cout- 
Clock 
A 


Clock 
A 
00 


0' 
} ""0'.' 
MC1~634B 
Selected 


SC 
02 
Stage 


03 


When the a outputs of a given stage are required, 
this configuration 
will 
lock up the selected stage within four clock cycles. The select line 
feedback 
may be hardwired 
or switched. 


PIN ASSIGNMENT 


2~ 
•• 


2 
23 


3 
22 
~ 
21 


6 
20 


6 
19 


18 


8 
17 


9 
16 


10 
16 


11 
1~ 


12 
13 


• 


@MOTOROLA 


The MC14536B programmable timer is a 24-stage binary ripple counter 
with 16 stages selec1able by a binary code. Provisions for an on-chip RC 
oscillator or an external clock are provided. An on-chip monostable circuit 
incorporating a pulse-type output has been included. By selec1ing the ap- 
propriate counter stage in conjunc1lon with the appropriate Input clock fre- 
quency, a variety of timing can be achieved. 


• 
24 Flip·Flop 
Stages _. Will Count From 20 to 224 


• 
last 
16 Stages Selectable By Four-Bit 
Select Code 


• 
6-Bypass Input Allows Bypassing of First Eight Stages 


• 
Set and Reset Inputs 


• 
Clock Inhibit and Oscillator Inhibit Inputs 


• 
On·Chip 
RC Oscillator 
Provisions 


• 
On-Chip Monostable 
Output 
Provisions 


• 
Clock 
Conditioning 
Circuit 
Permits 
Operation 
With 
Very 
long 
Rise and Fall Times 


• 
Test Mode Allows 
Fast Test Sequence 


• 
Supply 
Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable 
of Driving 
Two low-power 
TTl 
Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Per.meter 
Value 
Unit 


Voo 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vlo. You' 
Input or Output Vottage (DC or Transient) 
- 0.5 to Voo 
+ 0.5 
V 


Iin. lout 
Input or Output Current 
(DC or Transient), 
per'Pln 
±10 
mA 


Po 
Power Ol•• ipstlon, 
per Packaget 
500 
mW 


Tlla 
Storage 
Temperature 
-85 
to + 150 
'C 


TL 
Lead Temperature 
(8~S.cond 
Soldering) 
280 
'C 


-Maximum 
Rating. 
are those values beyond which damage to the device may occur. 


tTemperatur. 
Derating: 
PI.atlc 
"P" 
Package: 
-12mWrC 
from 6S"C to 85"C 
Ceramic "L" 
Package: 
-12mW/"C 
from 100"C to 125"C 


l SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C 
to + 8S"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo 
Tiow . 
25°C 
Thigh • 


Charect_tic: 
Symbol 
VcIc 
Mln 
M•• 
Mln 
Typ# 
M•• 
Min 
M•• 
Unit 


Output Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 
Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.., .. level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin ~ 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"O"level 
V1L 
Vdc 
(VO = 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
Vdc 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO ~ 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current IAl Device) 
IOH 
mAde 
(VOH = 2.5Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


(VOH = 4.6 Vdcl 
Pins4& 
5 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 


(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-035 
- 


(VOH = 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
mAde 
(VOH = 4.6 Vdcl 
Pin 13 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH ~ 9.5 Vdcl 
1.0 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL ~ 0.4 Vdc) 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL ~ 1.5 Vdc) 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
IOH 
mAde 


(ClICP 
Oevicel 
(VOH ~ 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH ~ 4.6 Vdcl 
Pins4& 5 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


(VOH ~ 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH ~ 13.5 Vds) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
mAde 
IVOH = 4.6 Vdc) 
Pin 13 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH ~ 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL ~ 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
'in 
15 
- 
±0.1 
- 
± 
±0.1 
- 
±1.0 
!JAde 


(AL Device) 
0.00001 


Input Current 
lin 
15 
- 
±0.3 
- 
± 
±0.3 
- 
± 1.0 
~Adc 


(ClICP 
Oevicel 
0.00001 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin ~ 01 


Quiescent 
Current 
IAL Devicel 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
~Adc 


(Per Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent 
Current 
ICUCP 
Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
~Adc 


(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply Current··t 
IT 
5.0 
IT = (1.1 5 ~A/kHzI f + '00 
~Adc 


(Dynamic 
plus Quiescent, 
10 
IT = (2.3 
~A/kHzI f + 100 
Per Package) 
15 
IT ~ (3.55 ~A/kHz) f + 100 
(CL = 50 pF on .11 outputs, 
all buffers switchingl 


Ch ••.ecteristic 
Symbol 
Voo 
Min 
Tn> 11 
Ma. 
Unit 


Output Rise and Fall Time (Pin 13) 
'TLH. 
ns 
'TLH. tTHL ~ (1.5 nsJpF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 
'TLH. tTHL - 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
'TLH. tTHL - 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation OellY Time 
'PLH, 
ns 
Clock 10 Q I, 
8-Bypass 
(Pin 6) High 
'pHL 
'PLH, 
'PHL = 11.7 ns/pFI CL + 1715 ns 
5.0 
- 
1800 
3800 


IPLH. 'pHL 
• 10.66 ns/pFI CL + 617 ns 
10 
- 
650 
1300 


'pLH, 
'pHL 
- 10.5 ns/pFJ CL + 425 ns 
15 
- 
450 
1000 


Clock 10 01, 8-ByPftS IPin 6) Low 
• tpLH, 
••s 


'PLH, tpHL 
- 11.7 ns/pFI CL + 3715 ns 
tpHL 
5.0 
- 
3.8 
7.6 


tPLH, tpHL 
- 10.66 ns/pF) CL + 1467 os 
10 
- 
1.5 
3.0 


'PLH, 
'pHL 
• 10.5 ns/pFI CL + 1075 ns 
15 
- 
1.1 
2.3 


Clock 10016 
tPLH, 
••s 


tPHL, 'PLH 
- 11.7 ns/pF) CL + 6915 ns 
tPHL 
5.0 
- 
7.0 
14 


IPHL. 'PLH 
• (0.66 ns/pF) CL + 2967 ns 
10 
- 
3.0 
6.0 
'PHL, 
tpLH 
- 10.5 ns/pF) CL + 2175 ns 
15 
- 
2.2 
4.5 


Reset to an 
tPHL 
ns 
'pHL' 
11.7 ns/pF) CL + 1415 ns 
5.0 
- 
1500 
3000 
'PHL 
= 10.66 ns/pF) CL + 567 ns 
10 
- 
600 
1200 
'PHL 
- 10.5 ns/pF) CL + 425 ns 
15 
- 
450 
900 


Clock Pulse Width 
twH 
5.0 
600 
300 
- 
ns 
10 
200 
100 
- 
15 
170 
85 
- 
Clock Pulse Frequency 
fel 
5.0 
- 
1.2 
0.4 
MHz 
(50" 
Duty Cycle) 
10 
- 
3.0 
1.5 
15 
- 
5.0 
2.0 


Clock Rise and F.II Time 
'TLH, 
5.0 
- 
'THL 
10 
No Limit 
15 


Reset PulseWidth 
twH 
5.0 
1000 
500 
- 
ns 
10 
400 
200 
- 
15 
300 
150 
- 


-The formulas 
given 
are for the typical 
characteristics 
only at 25GC. 


#Oata 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 


intended 
as an indication 
of the IC's potential 
performance. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
:E;;; 
(Vin 
or 


Vouf) 
'" 
VOO' 


Unused inputs must always be tied to an ap- 
propriate 
logic voltage 
level (e.g., either VSS 
or VOO)' Unused outputs 
must be left open. 


SET (Pin 
1) - 
A high on Set asynchronously 
forces 
Decode Out to a high level. This is accomplished 
by set- 
ting an output conditioning 
latch to a high level while at 
the same time resetting the 24 flip-flop stages. After Set 
goes low (inactive), 
the occurrence 
of the first negative 
clock transition 
on IN, causes 
Decode Out to go low. 
The counter's flip-flop stages begin counting on the sec- 
ond negative clock transition 
of IN,. When Set is high, 
the on-chip 
RC oscillator 
is disabled. 
This 
allows 
for 
very low-power standby operation. 
RESET 
(Pin 
2) - 
A high on Reset asynchronously 
forces Decode Out to a low level; all 24 flip-flop stages 
are also reset to a low level. Like the Set input, Reset 
disables the on-chip RC oscillator for standby operation. 
IN, (Pin 3) - 
The device's internal counters advance 
on the negative-going 
edge of this input. 
IN, may be 
used as an external clock input or used in conjunction 
with OUT, and OUT2 to form an RC oscillator. When an 
external clock is used, both OUT, and OUT2 may be left 
unconnected or used to drive 1 LSTTL or several CMOS 
loads. 
8·BYPASS 
(Pin 
6) - 
A high on this input causes the 
first 8 flip-flop stages to be bypassed. 
This device es- 
sentially becomes a 16-stage counter with all 16 stages 
selectable. 
Selection 
is accomplished 
by the A, B, C, 


and D inputs. (See the truth tables.) 
CLOCK 
INHIBIT 
(Pin 
7) - 
A high on this input dis- 
connects 
the 
first 
counter 
stage 
from 
the 
clocking 
source. This holds the present count and inhibits further 
counting. However, the clocking source may continue to 
run. Therefore, when Clock Inhibit is brought low, no os- 
cillator start-up 
time is required. 
When Clock Inhibit is 
low, the counter will start counting on the occurrence of 
the first negative edge of the clocking source at IN,. 


OSC 
INHIBIT 
(Pin 
14) - 
A high level on this pin 
stops the RC oscillator which allows for very low-power 


standby 
operation. 
May also 
be used, 
in conjunction 
with an external clock, with essentially 
the same results 
as the Clock Inhibit input. 


MONO-IN 
(Pin 
15) - 
Used as the timing pin for the 
on-chip monostable multivibrator. 
If the Mono-In input is 
connected to VSS, the monstable circuit is disabled, and 
Decode Out is directly connected to the selected a out- 
put. The monostable 
circuit 
is enabled 
if a resistor 
is 
connected between Mono-In and VDD. This resistor and 
the device's 
internal 
capacitance 
will 
determine 
the 
minimum output pulse widths. With the addition of an ex- 
ternal capacitor to VSS, the pulse width range may be 
extended. 
For 
reliable 
operation 
the 
resistor 
value 
should be limited to the range of 5 kO to 100 kO and the 
capacitor value should be limited to a maximum of 1000 
pf. (See figures 3, 4, 5, and 1D). 


A, B, C, D (Pins 
9,10,11, 
12) - 
These inputs se- 
lect the flip-flop stage to be connected to Decode Out. 
(See the truth tables.) 


OUT" 
OUT. 
(Pin 
4, 5) - 
Outputs used in conjunc- 
tion with IN, to form an RC oscillator. These outputs are 
buffered and may be used for 20 frequency 
division 
of 
an external clock. 


DECODE 
OUT (Pin 
13) - 
Output function depends 
on configuration. 
When the monostable 
circuit 
is dis- 
abled, this output is a 50% duty cycle square wave dur- 
ing free run. 


The test mode configuration 
divides 
the 24 flip-flop 
stages into three 8-stage sections to facilitate a fast test 
sequence. 
The test mode is enabled 
when 8-Bypass, 


Set and Reset are at a high level. (See Figure 8.) 


II 


Input 
St.lI. 
S.I..,t..s 


For o.cod. 
Out 


e-Byp •• s 
0 
C 
B 
A 


0 
0 
0 
0 
0 
9 


0 
0 
0 
0 
1 
10 


0 
0 
0 
1 
0 
11 


0 
0 
0 
1 
1 
12 


0 
0 
1 
0 
0 
13 


0 
0 
1 
0 
1 
14 


0 
0 
1 
1 
0 
15 


0 
0 
1 
1 
1 
16 


0 
1 
0 
0 
0 
17 


0 
1 
0 
0 
1 
16 


0 
1 
0 
1 
0 
19 


0 
1 
0 
1 
1 
20 


0 
1 
1 
0 
0 
21 


0 
1 
1 
0 
1 
22 


0 
1 
1 
1 
0 
23 


0 
1 
1 
1 
1 
24 


Input 
S18I1. S.I..,t..s 


For Decode Out 


e-Bypsss 
0 
C 
B 
A 


1 
0 
0 
0 
0 
1 


1 
0 
0 
0 
1 
2 


1 
0 
0 
1 
0 
3 


1 
0 
0 
1 
1 
4 


1 
0 
1 
0 
0 
5 


1 
0 
1 
0 
1 
6 


1 
0 
1 
1 
0 
7 


1 
0 
1 
1 
1 
6 


1 
1 
0 
0 
0 
9 


1 
1 
0 
0 
1 
10 


1 
1 
0 
1 
0 
11 


1 
1 
0 
1 
1 
12 


1 
1 
1 
0 
0 
13 


1 
1 
1 
0 
1 
14 


1 
1 
1 
1 
0 
15 


1 
1 
1 
1 
1 
16 


Clock 
OSC 
o.cod. 
In, 
Sst 
A ••• 
t 
Inh 
Inh 
Out 1 Out 2 
Out 
.J 
J \... 
No 
0 
0 
0 
0 
Change 
\... 
\... .J 
Advance 
0 
0 
0 
0 
to 


next state 


X 
, 
0 
0 
0 
0 
1 
1 


X 
0 
1 
0 
0 
0 
1 
0 


No 
X 
0 
0 
1 
0 
- 
- 
Change 


X 
1 
0 
No 
0 
0 
0 
1 
Change 


No 
0 
0 
0 
0 
X 
0 
1 
Change 


Advance 
1 
0 
0 
0 J '-..r 
to 
next state 


•• 


• 


TYPICAL RC OSCILLATOR CHARACTERISTICS 
(For Circuit 
Diagram 
S•• 
Figure 
11 In Application) 


lzc~~ 
c 
~ 
-4.0 
~ 
---- --- ---- 
:>d 
~ 
•.• .0 


RTC' 
~6 kU. {-_RS 
-0.1- 
10.1~ kHI~ 
voo' 
10 V. TA' 
2~oC 
-16 
C: l000pF 
--- 
RS"l20kU.'= 
7.8 kHl@VOO" 
10 V. TA; 25°C 


~~ 
-2~ 
0 
2~ 
~O 
7~ 
100 
12~ 


\~evice 
Only. 
lA. 
AMBIENT 
TEMPERA.TURE 
(OCI- 


100.-: 
I- 
VOO • 10 V l=l= 


- 
~ 
"'- f:s 1""-'· 


-_. 
-- 
_ . 
of RTC 
_ 


IC' 
1000 pFl 


_. 
IRS ~ 2RTC) 


~fasafunction 


. 
of C 
" 
f-: IRTC' 
~6 kHl 
- 
f- 
.....• 


.IRS·'20k) 


-- 
r=- 
-.....• 
1"'0: 
f--- 


~ 
20 
~ 
:> 
10 


~ 
5.0 


<C:= 2.0 
~ 1.0 
~ 
o 0.5 


0.11.0 
k 


0.0001 


10 k 
lOOk 
RTC. RESISTANCE IOHMS) 
O.DOI 
DOl 
C. CAPACITANCE "Fl 


MONOSTABLE CHARACTERISTICS 
(For Circuit 
Diagram 
See Figure 
10 In Application) 


FIGURE 3 - 
TYPICAL Cx vereue 
PULSE WIDTH @ VDD = 5.0 V 


lDO 


Formull 
for tllculating 
tw 
in 
""ua.conds 
isISfollows: 


IW • 0.00247 RX' 
CXO.8~ 


Wher. 
RX is in kU. eX in pF. 


TA' 
2~oC 


----- VOO' 
~ V 
_-III.. 


10 
100 
CX. EXTERNAL CAPACITANCE IpF) 


FIGURE 5 - 
TYPICAL Cx vereue 
PULSE WIDTH @ VDD = 15 V 


100 


~ 
~ 
10 
ci 


~ 
~ 
1.0 


Fouool.l 'Of calculating IW in 
microseconds is IS foUows: 


IW· 0.00247 RX' 
CXO.8~ 


Wh•• 
Rx ism kU. ex 
in pF. 


Test function 
(Figure 
8) has been Included 
for the re- 
duction 
of test time 
required 
to exercise 
all 24 counter 
stages. 
This test function 
divides 
the counter 
Into three 
8-stage 
sections 
and 255 counts 
are loaded 
in each 
of 
the 8-stage 
sections 
In parallel. 
All flip-flops 
are now at 
a "1". 
The counter 
is 
IWlW 
returned 
to the normal 
24- 
stages 
in series 
configuration: 
One 
more 
pulse 
is en- 
tered into In, which will cause the counter 
to ripple from 
an all "1" 
state to an all "0" 
state. 


INPUTS 
OUTPUTS 
COMMENTS 


Decade 
Out 
In, 
Set 
Reset 
8·Bypass 
01 thru 024 
All 24 stages 
are in Reset mode. 


1 
0 
1 
, 
0 


1 
, 
, 
1 
0 
Countei'" IS In three 
8 stage sections 
In parallel 
mooe 


0 
1 
, 
1 
0 
First "". 
to "0" 
tranSition 
of clock 


1 
0- 
1 
1 
, 
255 
.,," 
to "0" 
Hansltions 
are clocked 
In the coun1er 


-- 


0 
, 
1 
1 
, 
The 255 
"". 
to "0" 
tranSition, 


Counter 
converted 
back 
to 24 stages 
In se"es 
mode. 


0 
0 
0 
0 
1 
Set and 
Reset 
must 
be connected 
together 
and Stmyltaneou,ly 
go 
fro,," .,," 
to "0" 


1 
0 
0 
0 
1 
1°1 Switch •• to .• ""'. 


0 
0 
0 
0 
0 
COunter A ipples from an all .,," 
state 
to 
an all "0" 
stale 
• 


6 
a-Bypass 
9 
A 
10 
B 
11 
C 
12 
0 


Reset 
14 
OSCINH 
15 
Mono-In 
Pulse 
88t 


Gen. 
7 
Clock INH 
3 
IN, 
Pulse 


Gen. 


Clock 


Set ~ 
_ 


Clock INHJ 


Note: When power is lirst applied 
to the device, 
Decode Out can be either 
at a high or low state. On the rising 
edge 01 a 
Set pulse the output goes high it initially 
at a low state. The output remains 
high it initially 
at a high state. Because 
Clock 
Inh is held high, the clock 
source 
on the input pin has no eHect on the output. 
Once Clock 
Inh is taken 
low, the output 
goes low on the first negative 
clock transition. 
The output 
returns 
high depending 
on the 8-Bypass, 
A, B, C, and 0 inputs, 
and the clock 
input period. 
A 2n Irequency 
division 
(where 
n = the number 
01 stages 
selected 
Irom the truth table) 
is 
obtainable 
at Decode 
Out. A 20 -divided 
output 
oliN, 
can be obtained 
at OUT, 
and OUT •. 


+v 


16 


6 
vOO 
4 
8-Bypass 
OUT 1 
9 
A 
10 
B 
11 C 
12 0 
2 
Reset 
OUT 2 


Sot 
7 
Clock INH 
15 
Mono-In 
14 OSCINH 
3 
Decode 
Out 
13 
IN, 
VSS 


6 
- 


I 
I 


RosotD 
: 


I 
I 
I 
I 
I 
I 
·tw - 
.00247· RX • CXO.65 


Decode 
Out 
n 
n 
tw in ~ec 
~ 
. 
. 
" 
AX in kG 
t 


CXinpF 
·tw-j 1_ 


Note: When Power is first applied 
to the device 
with the Reset input going high, Decode Out initializes 
low. Bringing 
the 
Reset input low enables 
the chip's 
internal 
counters. 
After 
Reset goes low, the 2n/2 negative 
transition 
of the clock input 
causes 
Decode 
Out to go high. Since the Mono-In 
input is being used, the output becomes 
monostable. 
The pulse width 
of the output 
is dependent 
on the external 
timing 
components. 
The second 
and all subsequent 
pulses occur at 2n x (the 
clock period) 
Intervals 
where 
n = the number 
of stages 
selected 
from the truth table. 
• 


• 


+v 


16 


6 
VDD 
6-Bypa •• 
9 
A 
10 B 
11 C 
12 D 
2 
Rsset 
14 
OSCINH 
15 
MONO-IN 


Set 
7 
Clock INH 
3 
IN, 
VSS 


6- 
IT 


I 


Decode Out ~~ 
_ 


Power Up 
--..1 
tw 1...- 


'ose 
~ 
2.3 Rtc C 


R••• 
Ate 
F - 
Hz 


R - 
Ohms 


C - 
FARADS 


Note: 
This 
circuit 
is designed 
to use the 
on-chip 
oscillation 
function. 
The oscillator 
frequency 
is determined 
by the 
external 
Rand 
C components. 
When power is first applied 
to the device, 
Decode 
Out initializes 
to a high state. Because 
this output 
is tied directly 
to the Osc-Inh 
input, the oscillator 
is disabled. 
This puts the device 
in a low-current 
standby 
conditlon. 
The rising 
edge 
of the Reset 
pulse 
will cause 
the output 
to go low. This in turn causes 
Osc-Inh 
to go low. 
However, 
while 
Reset 
is high, 
the oscillator 
is still disabled 
(I.e.: standy 
condition). 
After 
Reset 
goes 
low, the output 
remains 
low for 2n/2 of the oscillator's 
period. 
After the part times 
out, the output 
again goes high. 


® MOTOROLA 


DUAL PRECISION RETRIGGERABLE/RESETTABLE 
MONOSTABLE 
MULTIVIBRATOR 


The MC'4538B 
is 
a dual, 
retriggerable, 
resettable 
monostable 
multivibrator. It may be triggered Irom either edge 01an input pulse, and 
produces an accurate output pulse over a wide range 01widths, the dura- 
tion and accuracy 01which are determined by the external timing compo- 
nents, Cx and RX· 


• 
Unlimited Rise and Fall Time Allowed on the A Trigger Input 


• 
Pulse Width Range = '0 ••s to '0 s 


• 
latched Trigger Inputs 


• 
Separate latched Reset Inputs 


• 
3.0 Vdc to '8 Vdc Operational Limits 


• 
Triggerable Irom Positive (A Input) or Negative-Going Edge (B-Input) 


• 
Capable 01 Driving Two low-power 
TTl 
loads 
or One low-power 
Schottky TTl load Over the Rated Temperature Range 


• 
Pin-lor-pin Compatible with MC'4528B and CD4528B (CD4098) 


• 
Use the MC54/74HC4538 lor Pulse Widths less Than' 0 ••s with Sup- 
plies Up to 6 V. 


Symbol 
P.r.meter 
V•• ue 
Unit 


YOO 
DC Supply Voltage 
-O.S 
to 
+ 18.0 
~ 


Vio. Vout 
Input or Output Vottage (DC or Transient) 
- O.S to YOO 
+ O.S 
Y 


lin. 
lout 
Input or Output Curren. (DC or Transient), per Pin 
±10 
mA 
Po 
Power Dissipation. 
per Packaget 
SOO 
mW 


Tslo 
Storage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead Temperature (8-Second Soldering) 
280 
·C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "p" 
Package: 
- 12mWrC 
from 65°C to 85°C 
Ceramic 
"l" 
Package: 
-12mW/oC 
from ,ooGe 
to 125°C 


MC145368 


MC14538B 


MC14541B 


MC14S488 


HC4S38" 


DUAL PRECISION 
RETRIGGE RABLE/RESETTABLE 
MONOSTABLE 
MULTIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MCt4XXXBCL 
(Ceramic 
Package) 


AX 
and eX .re extern" 
components. 


YOO' 
Pin 
16 
VSS· 
Pin 8. Pin 1. Pin 15 
• 


• 


Voo 
Tlow· 
25"<: 
Thi""o 
Ch_istic 
Symbol 
Vdc 
M,n _. 
Min 
TyP •• 
Max 
Min 
Max 
Unit 


Output 
Vol,. 
"0" 
L••••••, 
VOL 
5.0 
- 
O.OS 
- 
0 
O.OS 
- 
O.OS 
Vdc 


Vin· 
VOO 0<0 
10 
- 
O.OS 
- 
0 
O.OS 
- 
O.OS· 


15 
- 
O.OS 
- 
0 
O.OS 
- 
O.OS 


"I" 
lONtIl 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin· 
0 0< VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Vol •• 
''0'' 
Lowl 
VIL 
Vde 


(VO • 4.5 0< 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(VO· 
9.0 0< 1.0 Vdel 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO· 
13.5 or 1.5 Vdel 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"I" 
L•••• , 
VIH 
Vde 


(VO • 0.5 0< 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(VO· 
1.00< 9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO· 
1.50< 13.5 Vde) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Ori••• Curront (AL Devic.) 
'OH 
mAde 
(VOH • 2.6 Vdel 
Source 
6.0 
-3.0 
- 
-2.4 
~.2 
- 
-1.7 
- 
(VOH -4.6 
Vdel 
6.0 
~.64 
- 
~.51 
~.88 
- 
~.36 
- 
(VOH -9.6 
Vdel 
10 
-1.6 
- 
-1.3 
-2.25 
- 
~.9 
- 
(VOH • 13.6 Vdel 
16 
~.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VciL • 0.4 Vdel 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL· 
0.6 Vde) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL· 
1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Ori ••• Curront (CL/CP Devicel 
'OH 
mAde 


(VOH -2.5 
Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
~.2 
- 
-1.7 
- 
IVOH -4.6 
Vdc) 
5.0 
~.52 
- 
~.44 
~.88 
- 
~.36 
- 
(VOH -9.5 
Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
~.9 
- 
(VOH· 
13.5 Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
_. 


(VOL· 
0.4 Vdc) 
Sink 
'OL. 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL· 
1.5 Vdc) 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 
Input Current. Pin 2 or 14 
lin 
16 
- 
±O.O5 
- 
10.סס OO1 
'.05 
- 
,0.5 
IlAdc 


Input Current. Other Inputs tAL Device) 
lin 
15 
- 
'0.1 
- 
10.סס OO1 
10.1 
- 
11.0 
"Ade 
Input Current. Oth.r 
Inputs (CL/CP 
Device) 
lin 
15 
- 
10.3 
- 
10.סס OO1 
'0.3 
- 
11.0 
"Ade 


Input CoI>Ki_. 
Pin 2 0< 14 
Cin 
- 
- 
- 
- 
25 
- 
- 
- 
pF 


Input CoI>Ki_. 
Other Inputs 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V in -0) 


Ouiescent Curr.nt 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
"Ade 
(P.rpOCk~) 
10 
- 
10 
- 
0.010 
10 
- 
300 
a-Low, 
-High 
15 
- 
20 
- 
0.D15 
20 
- 
600 


Qui •••• nt Curront (CL/CP Devic.) 
100 
5.0 
- 
20 
- 
0.006 
20 
- 
150 
"Ade 
(P.r Pockogo) 
10 
- 
40 
- 
0.010 
40 
- 
300 
a-Low. 
~-Hlgh 
15 
- 
80 
- 
0.D15 
80 
- 
600 


Ouleocent Current, Active Stete (Both) 
'DO 
5 
- 
2.0 
- 
.04 
.20 
- 
2.0 
mAde 
(Per poek.;r.e) 
10 
- 
2.0 
- 
.08 
.45 
- 
2.0 
a-High, 
-Low 
15 
- 
2.0 
- 
.13 
.70 
- 
2.0 
··Total Supply Current It an Ixternalload 
IT 
clPeciUlnce (el) and It external 
5.0 
'T· 
(3.5 x 10-21 RXCX' 
+ 4CX' 
+ 1 x 10-5 CL' 
timing n.twork 
(Rx. CXI 
10,0 
IT - (8 x 10-2) 
RXCX' 
+ 9CX' 
+ 2 x 10-5 CL' 
15.0 
'T· 
(1.25 x 10-1) 
RXCX' 
+ 12CXf + 3 x 10-5 CLf 
where: 
IT in IlA (one monOlt.bI, 
switching 
onlyL 
eX in"F. 
CL in pF. RX in k ohml •.8nd 
f in Hz is the input frequency. 


°T,ow • _SSoC for AL Devic•• ~OOC for CL/CP Device. 
Thigh· 
+1250C for AL Device. +850C for CL/CP 
Devic•. 


-The formul •• 
given 
ar. 
'or the typical 
characteristics 
only 
at 2S-C. 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damaga 
due 
to 
high 
stalic 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation. 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
•• 
(Vin 
or 
Vout) 
•• VOO' 


Unused 
Inputs 
must always 
be lied to an ap- 
propriate 
logic voltage 
level (e.g .• either 
VSS 
or VOO). 
Unused 
outputs 
must be left open. 


All Types 


VOO 
Ch.rKteriatic 
Symbol 
Vde 
Min 
Typ# 
M•• 
Unit 


Output Aile Time 
'TLH 
n. 


'TLH 
- 11.35 n./pF) 
CL + 33 n. 
5.0 
.- 
100 
200 


'TLH 
• 10.60 n./pF) 
CL + 20 n. 
10 
- 
50 
100 


'TLH 
- 10.40 n./pF) 
CL + 20 n. 
15 
- 
40 
80 


OutPut Fall Time 
'THL 
n. 


'THL 
- 11.35 n./pF) 
CL + 33 n. 
5.0 
- 
100 
200 
'THL 
- (0.60 n./pF) 
CL + 20 n. 
10 
- 
50 
100 


'THL 
- (0.40 n./pFI 
CL + 20 n. 
15 
- 
40 
80 


Propagation DeilY Time 
'PLH. 
n. 


AorBtoOora 
tPHL 
'PLH. 'PHL 
= 10.90 n./pF) 
CL + 255 n. 
5.0 
- 
300 
600 


'PLH. 'PHL 
= (0.36 n./pF) 
CL + 132 n. 
10 
- 
150 
300 


tPLH. tPHL 
= (0.26 ns/pFI CL + 87 ns 
15 
- 
100 
220 


R8S'ei'"to a or a 
n. 


'PLH. 'PHL 
= 10.90 n./pF) 
CL + 205 n. 
5.0 
- 
250 
500 


'PLH. 'PHL 
= 10.36 n./pF) 
CL + 107 n. 
10 
- 
125 
250 


'PLH. 'PHL 
= 10.26 n,/pF) 
CL + 82 n. 
15 
- 
95 
190 


Input Rise and Fall Times 
tr,tf 
5 
- 
- 
15 
", 
Reset' 
10 
- 
- 
5 
15 
- 
- 
4 


B Input 
5 
- 
300 
1.0 
m. 
10 
- 
1.2 
0.1 
15 
- 
0.4 
0.05 


A Input 
5 
- 
10 
No 
Limit 
15 


Input 
Pulse Width 
'WH. 
5.0 
170 
85 
- 
n. 


A. B. or 
Reset 
'WL 
10 
90 
45 
- 


15 
80 
40 
- 


Retrigger Time 
I" 
5.0 
0 
- 
- 
n. 


10 
0 
- 
- 
15 
0 
- 
- 


Output 
Pulse Width 
- a or Q 
T 
". 


Refer to Figures 
8 and 9 


Cx • 0.002 "F. Ax • 100 kn 
5.0 
198 
210 
230 
10 
200 
212 
232 
15 
202 
214 
234 


Cx 
= 0.1 "F. Ax 
= 100 kn 
5.0 
9.3 
9.86 
10.5 
m. 
10 
9.4 
10 
10.6 
15 
9.5 
10.14 
10.7 


Cx 
= 10"F. 
AX = 100 kn 
5.0 
0.91 
0.965 
1.03 
• 
10 
0.92 
0.98 
1.04 


15 
0.93 
0.99 
1.06 


Pulse Width 
Match 
between 
circuits 
in 
loolT, 
- T2) 
5.0 
- 
± 1.0 
~5.0 
"- 
the ~me 
package. 
--T-,- 
10 
- 
± 1.0 
±5.0 
Cx 
= 0.1 "F. AX = 100 kn 
15 
- 
~1.0 
~5.0 


External 
Timing 
Resistance 


External Timing Capacitance 


• The maximum 
usable resistance 
RX is a function 
of the leakage 
of the capacitor 
eX' leakage of the Me 14538~. and leakage due 


to board layout 
and surface 
resistance. 
Susceptability 
to externally 
induced 
noise signals may 
occur for RX::::- 1 MO. 


t If eX:> 
15)JF. 
use discharge 
protection 
diode per Fig. 11. 


R 
0 
Output 
L.tch 
S 
a 


RX 
RX 
·CL·50pF 


ex/Rx 


0 
a 
CL* 


O' 
CL* 


Q' 
CL~ 


CL * 


Vss 
':' 


CHARACTER ISTICS 
Resel 
A 
B 


tpLH. tpHL. tTLH. 'THL. 
voo 
PG' 
voo 
T. tWH. 'wL 


tPLH. tpHL. 'TLH. 'THL. 
Voo 
VSS 
PG2" 
T. 'wH. 'wL 


'PLHCR). tpHLCR). 
PG3 
PG, 
PG2 
'WH·'wL 


NOTE: 
Switching 
t-.t welt.forms 


for 
PG1, 
PG2, 
PG3 
••.• 
shown 


In Figure 
4. 
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FIGURE 7 - 
TYPICAL 
TOTAL 
SUPPLY 
CURRENT 
versus OUTPUT 
DUTY 
CYCLE 
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FIGURE 6 - 
TYPICAL 
PULSE WIDTH 
VARIATION 
AS 
A FUNCTION 
OF SUPPLY 
VOLTAGE 
VDD 
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Inputs 
Outputs 


Reset 
A 
B 
Q 
Q 


H 
f 
H 
11. 
Lr 
H 
l 
'- 
11. 
Lr 
H 
f 
'- 
l 
Not Triggered 
H 
H 
f'- 
Not Triggered 
H 
l, H,'- 
H 
Not Triggered 
H 
l 
l, H,f 
Not Triggered 
l 
X 
X 
l 
H 
,-f 
X 
X 
Not Triggered • 


II 


I 
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FIGURE 9 - 
TYPICAL 
ERROR OF PULSE WIDTH 
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EQUATION 
versus TEMPERATURE 
>~ 
RX" 
l00kU 


Cx •. 002"F 
~ 
~ l.---"'" -- 


I-""" 
L.--I-- 
..•.V 
....•V 
_VOO·,~ 
,.......,. 
..•.[.::7 


VOO'l~ 
.....- 
..•.•. 


,.......,. 


vOO • ~.O''!...--- ~ 
-- 
I--" 


a: " 
o 
co 
g§ ~ 
3.0 
WI- 
Oe:( 
20 
Ww 
!:::!:::> 
;;i;:i 
1.0 


~~ 
0 
00 
z'" 
~N_l.0 
<cO 
ul- 
0: to- ·2.0 
>-u 
t-:t 
-30 
~ 
. 


a: 
:t: 
I- 


~ 
-60 
-40 
-20 
0 
20 
40 
60 
80 
100 
120 
140 


TA. AMBIENT 
TEMPERATURE 
I·CI 


@ 
® 
@ 


II>. 
__ 
n"----- 
ILJl__ 
n __ 


@ 
1 
_ 


® 
-·------------------=:U 
Reset 


LJ 


<D POilithte edge trigger 
@ 
Ntll8tlve edge trllll' 
@ POliti",. ed ••• '1••••' 


TRIGGER OPERATION 
The 
block 
diegrem 
of 
the 
MCI4538B 
is shown 
in 
Figure 1. with circuit operation following. 
As shown in Figure 1 and 10. before an input trigger 
occurs. the monostable is in the quiescent state with the 
o output low. and the timing capacitor 
Cx completely 
charged to VOO. When the trigFt 
i~put A goes from 
VSS to VOO (while inputs Band 
ese are held to VOO) 
a valid trigger is recognized. 
which turns on comparator 
Cl 
and N-channel transistor 
Nl <D. At the same time 
the output latch is set. With transistor 
Nl on. the capaci- 
tor Cx 
rapidly 
discharges 
toward 
VSS until 
Vrefl 
is 
reached. 
At this 
point 
the 
output 
of comparator 
Cl 
changes state and transistor 
N1 turns 
011. 
Comparator 
Cl then turns 011 while at the same time comparator 
C2 
turns on_ With transistor 
Nl 
011. the capacitor Cx begins 


@ 
POIltlve 
edge 
r•. t,I •• 
, (pul_ 
lengthening) 
@ 
R ••• t (pul ••• 
hort 
••.•ing) 
• 


to charge through the timing resistor. 
RX. toward VOO· 


When the voltage across Cx equals Vref 2. comparator 
C2 changes state. causing the output latch to reset (0 
goes low) while at the same time disabling 
comparator 


C2 ®. 
This 
ends 
at 
the 
liming 
cycle 
with 
the 
monostable 
in the quiescent 
state. waiting 
for the next 
trigger. 


In the quiescent 
state. 
Cx 
is fully charged 
to VOO 
causing the current through resistor RX to be zero. Both 
comparators are "oil" 
with total device current due only 
to reverse junction 
leakages. 
An added feature 
of the 
MC14538B is that the output 
latch is set via the input 


trigger 
without 
regard 
to the capacitor 
voltage. 
Thus. 


propagation 
delay from trigger 
to 0 is independent 
of 


the value 
of Cx. 
RX. or the duty 
cycle 
of the 
input 


waveform. 


RETRIGGER 
OPERATION 
The MC14538B is retriggered 
if a valid trigger occurs 
@ followed by another valid trigger @ before the a 
output has returned to the quiescent 
(zero) state. Any 
retrigger. after the timing node voltage at pin 2 or 14 has 
begun to rise from Vref 1. but has not yet reached Vref 
2, will cause an increase in output pulse width T. When 
a valid retrigger 
is initiated 
@, the voltage 
at CX/RX 
will again drop to Vref 1 before progressing 
along the 
RC charging 
curve toward VOO. The a output will re- 


main high until time T, after the last valid retrigger. 


RESET OPERATION 


The MC14538B may be reset during the generation 
of 
the output pulse. In the reset mode of operation. 
an in- 
put pulse on Reset sets the reset latch and causes the 
capacitor to be fast charged to VOO by turning on tran- 
sistor 
P1 ®. 
When 
the 
voltage 
on 
the 
capacitor 
reaches Vref 2, the reset latch will clear. and will then be 
ready to accept another pulse. If the Reset input is held 
low, any trigger 
inputs that occur will be inhibited 
and 
the a and a outputs of the output latch will not change. 
Since the a output is reset when an input low level is 


detected on the Reset input, the output pulse T can be 
made significantly shorter than the minimum pulse width 
specification. 


POWER-DOWN 
CONSIDERATIONS 


Large capacitance 
values can cause problems due to 
the large amount of energy stored. When a system con- 
taining the MC14538B 
is powered down, the capacitor 
voltage may discharge 
from VOO through the standard 
protection diodes at pin 2 or 14. Current through the pro- 
tection diodes should be limited to 10 mA and therefore 
the discharge time of the VOO supply must not be faster 
than (VOO). (C)/(10 mAl. 
For example, 
if VOO= 
10 V 
and CX= 
10 .,.F, the VOO supply should discharge 
no 
faster than (10 V) x (10 .,.F)/(10 mAl 
= 10 ms. This is 
normally not a problem since power supplies are heavily 
filtered and cannot discharge at this rate. 


When a more rapid decrease of VOO to zero volts oc- 
curs, the MC14538B can sustain damage. To avoid this 
possibility 
use an external 
clamping 
diode, 
OX, con- 
nected as shown in Fig. 11. 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


Rising-Edge 
A 
Trigger 
B 


Reset=VOO 


eX 


A 


Falling-Edge 
B 


Trigger 


• 


®MOTOROLA 


The MC14539B 
data selector/multiplexer 
is constructed with 
MOS P-channel and N-channel enhancement mode devices in a single 
monolithic 
structure_ The circuit consists of two sections of four in- 


puts each_One input from each section is selected by the address 
inputs A and B. A "high" 
on the Strobe input will causethe output 
to remain "low", 
This 
device finds 
primary 
application 
in signal multiplexing 
functions. It permits multiplexing from N-lines to I-line, and can also 
perform 
parallel-to-serial conversion. The Strobe input allows cas- 


cading of n-lines to n-lines. 


• 
Supply Voltage Range= 3.0 Vdc to lB Vdc 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Per.meter 
Velue 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOD + 0.5 
V 


lin· 
lout 
Input or Output Current (DC or Transient). per Pin 
",10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


T.to 
Storage Temperature 
-65 
to + 150 
°C 


TL 
Lead Temperature 
(8-Second Soldering) 
260 
°C 


·Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: -12mwrC 
from 65"C to 85"C 
Ceramic "l" 
Package: -'2mwrC 
from ,ooDe to 12S"C 


ADDRESS 
DATA 
INPUTS 
INPUTS 
X3 
X2 
Xl 
XO 
OUTPUTS 
B 
A 
Y3 
Y2 
Yl 
YO 
ST,ST' 
Z,W 


X 
X 
X 
X 
X 
X 
1 
0 
0 
0 
X 
X 
X 
0 
0 
0 
0 
0 
X 
X 
X 
1 
0 
1 
0 
1 
X 
X 
0 
X 
0 
0 
0 
1 
X 
X 
1 
X 
0 
1 
1 
0 
X 
0 
X 
X 
0 
0 
1 
0 
X 
1 
X 
X 
0 
1 
1 
1 
0 
X 
X 
X 
0 
0 
1 
1 
1 
X 
X 
X 
0 
1 


DUAL 4-CHANNEL 
DA TA SELECTOR/MULTIPLEXER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 6"8 


C Series: 
- 40·C to + 85-C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK 
DIAGRAM 


A 


B 
Z 
ST 


XO 


Xl 


X2 


X3 


A 


B 
W 
9 


ST' 


VO 


VI 


Y2 


V3 


VOO - Pin 16 
VSS - P.n 8 • 


• 


Voo 
TI_ 
e 
2SoC 
Th' he 


Characteristic 
Symbol 
Vdc 
Min 
Mox 
M;" 
Typ# 
Mox 
Min 
Mox 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vln - 
VOO or 0 
10 
.. 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
.. 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
14.95 
15 
- 
'4.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 


(VO - 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 
9.0 or 1.0 Vdc) 
10 
.. 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO - 
13.5 or 1.5 Vdc) 
15 
4.0 
_. 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO - 
0.5 or 4.5 Vdc) 
5.0 
3.5 
3.5 
2.75 
.- 
35 
- 
Vdc 


(VO - 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO - 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH 04.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


(VOH 
= 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH 
= 13.5 VdcJ 
15 
4'.2 
3.4 
8.8 
- 
2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 VdcJ 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 VdcJ 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output 
Drive Current (CL/CP Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
_. 
-1.7 
- 
(VOH = 4.6 Vdcl 
5.0 
-0.52 
_. 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH 
= 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH 
= 13.5 Vdcl 
15 
-3.6 
-3.0 
-8.8 
.- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(Al 
Device) 
lin 
15 
- 
,01 
- 
'0.00001 
to.l 
t 1.0 
,uAde 


Input Current 
(CL/CP 
Device) 
lin 
15 
- 
,03 
to.00001 
. t 0.3 
t 1.0 
$JAde 


Input 
Capacitance 
Cin 
- 
.. 
- 
5.0 
7.5 
- 
pF 


tVin 
01 


Quiescent Current (Al 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
150 
,uAde 


(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
j..lAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
TOlal Supply 
Current· 
• t 
IT 
5.0 
IT = (0.85 "A/kHz) 
I + 100 
/-lAde 
(Dynamic 
plus Quiescent, 
10 
IT = (1.7 "A/kHz) 
I + 
100 
Per Packagel 
15 
IT = (2.6 "A/kHz) 
I + 
100 
tel 
- 50 pF on all outputs, 
all 


buffers 
sWitching) 


This device 
contains 
protection 
circullry 
to guard 
against 
damage 
due to high static 
voltagas 
or electric 
f(elds. 
How- 
ever, precautions 
musl be laken 
10 avoid applications 
01 any voltage 
higher 
than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper operation, 
Vln and VOUI should 
be constrained 
10 the range VSS '" (Vln or Vout) '" VOO' 


Unused inputs must always be tied 10 an appropriate 
logic vollage 
level (e.g., either VSS or VOO). Unused outpuls 
must 
be left open. 


a--iotic 
Symbol 
VDD 
Mln 
Typ" - 


Unit 


Output Rise and Fall Time 
'TLH. 
n, 
'TLH. 'THL 
- 
(1.5 ns/pF) CL + 25 ns 
'THL 
5.0 
- 
100 
200 
'TLH. 'THL 
- 
(0.75 ns/pF) CL + 
12.5 ns 
10 
- 
50 
100 
'TLH. 'THL 
- 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 
Pr0Pag8tion Oel.v Time 
tpLH, 
no 
X. Y Input to OutPut 
tPHL 
tPLH, tPHL ~ (1.7 n,/pFI CL + 125 n, 
5.0 
- 
210 
420 
tPLH, tpHL • 10.66 n,/pFI CL + 57 n, 
10 
- 
90 
180 
tpLH. 
tpHL 
• 10.55 n,/pFI CL + 45 n, 
15 
- 
70 
140 


A Input to Output 
tPLH 
n, 


tPLH' 
11.7 n,/pFI CL + 140 n, 
5.0 
- 
225 
450 
tPLH' 
10.66 n,/pFI CL + 77 n, 
10 
- 
110 
220 
tPLH • (0.5 n,/pF I CL + 60 n, 
15 
- 
85 
170 


tpHL' 
(1.7 n,/pFI CL + 160 n, 
tPHL 
5.0 
- 
245 
490 
n, 
tpHL' 
(0.66 n,/pFI CL + 82 n, 
10 
- 
115 
230 
tpHL - 10.5 n,/pFI CL + 65 n, 
15 
- 
90 
180 


Strobe 
Input to Output 
tPLH. 
n, 
tPLH, ipHL 
• (1.7 n,/pF) CL + 60 n, 
tpHL 
5.0 
- 
145 
290 
tPLH, tPHL • (0.66 n,/pF I CL + 42 n, 
10 
- 
75 
150 
tPLH 
tPHL' 
(0.5 n,/pFI CL + 35 n, 
15 
- 
60 
120 


tPLH 
Output 
IT •• t. 2 and 3) 


TEST 
STROBE 
A 
XO 


1 
Gnd 
Gnd 
P.G 
2 
P. G. 
Gnd 
Voo 
3 
Gnd 
P. G. Voo 
• 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


@MOTOROLA 


The MC14541B programmable timer consists 01 a 16-stageb,hary 


counter, 
an 
integrated 
oscillator 
for 
use with 
an external 
capacitor 


and 
two 
resistors, 
an 
automatic 
power-on 
reset 
circuit, 
and 
output 


control logic_ 


Timing 
is initialized 
by 
turning 
on 
power, 
whereupon 
the 
power- 


on 
reset 
is enabled 
and 
initializes 
the 
counter. 
within 
the 
specified 
VDD range_With the power already on, an ex-ternal reset pulse can 


be applied. 
Upon 
release 
of 
the 
initial 
reset 
command, 
the oscillator 
will oscillate with 
a frequency determined by the external RC net- 


work_ The 16-stage counter divides the oscillator 
frequency (Iosc) 
with the nth stageIrequency being 10sc12n 


• 
Available 
Outputs 
2B 210. 
213 or 216 


• 
Increments 
on Positive Edge Clock TranSItions 


• 
Built-In Low Power RC Oscillator 


(± 
20/0 accuracy 
over 
temperature 
range 
and.!. 
20% 
sup- 


ply and ± 3% over processing 
at < 10 kHz1 


• 
Oscillator May Be Bypassed II External Clock Is Available IAp- 
ply external clock to Pin 31 


• 
External 
Master 
Reset 
Totally 
Independent 
of 
Automatic 


Reset Operation 


• 
Operates 
as 
2" 
Frequency 
DIvider 
or Single 
TranSition 
Timer 


• 
O/G 
Select PrOVides Output 
LogiC Level FleXibility 


• 
Reset {auto or masterl Disables Oscillator DUring Resetling to 


PrOVide 
No 
Active 
Power 
DISSipation 


• 
Clock Conditioning 
Circuit Permits Operation with Very Slow 


CLock Rise and Fall Times 


• 
Automatic Reset Initializes All Counters On Power Up 


• 
Supply Voltage Range ~ 3_0Vdc to 18 Vdc with Auto 
Reset Disabled (Pin 5 ~ VDD) 
~ 8_5Vdc to 18 Vdc with Auto 
Reset Enabled (Pin 5 ~ VSS) 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin, 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 
to VDD 
+ 0.5 
V 


lin 
Input 
Current 
(DC 
or Transient), 
per 
Pin 
,,10 
mA 


lout 
Output 
Current 
(DC 
or Transient), 
per 
Pin 
,,45 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
SOO 
mW 


Tsto 
Storage 
Temperature 
- 65 to + 150 
'C 


TL 
Lead 
Temperature 
(8-Second 
Soldering) 
260 
'C 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 
12mWrC 
from 
65°e 
to 85°e 


Ceramic 
"L" 
Package: 
-12mWtOe 
from 
100 


Ge 
to 125 


GC 


- 


. 
, 


,.•. 
I I 
r 
I 
! 


,I 
: 
I 


L SUFFIX 


CERAMIC 
PACKAGf 


CASE 
632 


P SUFFIX 


PLASTIC 
f'ACKAGE 


CASE 
646 


C Series: 
- 40 


GC 
to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC1"XXXBCL 
(Ceramic 
Package) 


Voo 
T_o 
26°C 
Thigh° 


e-_Ic 
Sy_' 
Vdc 
Mln 
Max 
Min 
Typ# 
Max 
Min 
Mox 
Unit 


OutPUtVo~ 
"O"L_I 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 
Vin-VOOorO 
10 
- 
0.06 
- 
0 
0.05 
- 
0.05 
15 
- 
0.06 
- 
0 
0.05 
- 
0.06 
"1"L_1 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin-OorVOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


InputVol~ 
"O"L_I 
VIL 
Vde 
(VO - 4.5 or 0.5 Vde) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
(Va - 9.0 or 1.0 Vde) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va - 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1"L_1 
VIH 
Vde 
(VO - 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(Va -1.00r9.0 
Vdc) 
10 
7.0 
- 
7.0 
6.50 
- 
7.0 
- 
(Vo - 1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


OutPUtDrl•• Cur"'" 
IAL Devloo) 
IOH 
mAde 
(VOH- 2.6 Vdc) 
Source 
5.0 
-7.96 
- 
-6.42 
-12.63 
- 
-4.49 
- 
(VOH- 9.6 Vde) 
10 
-4.19 
- 
-3.36 
-6.75 
- 
-2.37 
- 
(VOH-13.6 Vdc) 
16 
-16.3 
- 
-13.2 
-26.33 
- 
-9.24 
- 
(VOL- 0.4 Vde) 
Sink 
IOL 
5.0 
1.93 
- 
1.66 
3.12 
- 
1.09 
- 
mAde 
IVOL- 0.6 Vde) 
10 
4.96 
- 
4.0 
8.0 
- 
2.8 
- 
(VOL - 1.6 Vdc) 
15 
19.3 
- 
15.6 
31.2 
- 
10.9 
- 


OutPUtDr••• Current (CUCP Devloo) 
IOH 
mAde 
(VOH- 2.5 Vdc) 
Source 
5.0 
-5.1 
- 
-4.27 
-12.63 
- 
-3.5 
- 
(VOH- 9.5 Vdc) 
10 
-2.69 
- 
-2.25 
-6.75 
- 
-1.65 
- 
(VOH- 13.5 Vde) 
15 
-10.5 
- 
-6.8 
-26.33 
- 
-7.22 
- 
(VOL- 0.4 Vde) 
Sink 
IOL 
5.0 
1.24 
- 
1.04 
3.12 
- 
0.86 
- 
(VOL- 0.6 Vdc) 
10 
3.18 
- 
2.66 
8.0 
- 
2.18 
T 
(VOL - 1.5 Vde) 
16 
12.4 
- 
10.4 
31.2 
- 
8.50 
- 


Input Curront (AL 0",,100) 
lin 
15 
- 
to.l 
- 
~O.OOOOI to.l 
- 
±1.0 
"Ade 


Input Current (CUCP O""ioo) 
lin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
t1.0 
"Ade 
Input e-ltonco 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vln-Ol 


Ouiwcont Curront IAL Devloo) 
"Ade 
5.0 
- 
6.0 
- 
0.006 
5.0 
- 
150 
(Pin5 it High) 
100 
10 
- 
10 
- 
0.010 
10 
- 
300 
Auto R_ 
OI_b1od 
15 
- 
20 
- 
0.015 
20 
- 
600 


OuloocontCurrent ICUCP Devloo) 
"Ade 
5.0 
- 
20 
- 
0.006 
20 
- 
150 
(Pin5 It High) 
100 
10 
- 
40 
- 
0.010 
40 
- 
300 
Auto R_ 
Olooblod 
15 
- 
SO 
- 
oms 
SO 
- 
600 


Auto R_ 
Ou'-nl 
Curronl 
"Ade 


100R 
10 
- 
250 
- 
30 
260 
- 
1500 
IPin5111oW) 
15 
- 
500 
- 
82 
500 
- 
2000 


Supply Current· et 
"Ade 
(Oynomlcp1ulOul•••• nt) 
5.0 
10 - 10.4"A/kHzll 
+ 100 
10 
10 
10 - 10.8"A/kHzll 
+ 100 
15 
10 - 11.2"A/kHz) I + 100 


.,.,0.- 
-5S·C for ALDevice, 
-4o-C 
'or CUCP Oevice. 


Thlgh- 
+ 12S-C 'or AL Device, 
+8S-C for CUCP 
Oevice. 


#Oa'. 
label •• d "Typ" 
,. not to ba used for d•• lgn purpose. 
but ia 
Intended 
a. 
an Indication 
of the 
IC'. 
potential 
performance. 


-"he 
formul •• 
given 
ar. 
for tha typical 
characteristics 
only at 2S-C. 


tWhen u8ing the on chip oeclllator the total supply current (in 
..,Adc)become.: 
IT=IO+2 
Ctc VOO fx10-3 
where 10 is in 
,.A. Cte io in pF. VOOin VoltoDC. ond , In kHz. (see fig. 3) 
DI•• lpation during power·on with automatic 
reset enabled is 
Iypleolly50••A@ VOO=10Vde. 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due to high stalic 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper operation. 
Vln and Vout should 
be 
constrained 
to the 
range 
VSS •• (Vin or 
Vout) •• VOO' 
Unused 
inputs 
must always 
be tied to an ap· 
proprlate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs must be left open. 


~iItlc 
Symbol 
VDD 
Min 
Typ ••• 
Me. 
Unh 


Output RI•• 
and Fall Time 
ITLH. 
ns 


'TLH. 'THL = (1.5 na/pF) 
CL + 25 n. 
'THL 
5.0 
- 
100 
200 
'TLH.'THL 
= (0.75 
na/pF) 
CL + 12.5 n. 
10 
- 
50 
100 
'TLH. 'THL = (0.55 
na/pF) 
CL + 9.5 n. 
15 
- 
.0 
10 


Propagation 
Delay. 
Clock 10 Q 
12" OUlput! 
'pLH 
"" 
'PLH. 
'pHL· 
11.7 ns/pFI 
CL + 3415 
nl 
'pHL 
5.0 
- 
3.5 
10.5 


IpLH. 'PHL· 
10.66 ni/pFI 
CL + 1217 nl 
10 
- 
1.25 
3.8 


'pLH. 
tPHL • 10.5 nl/pF I CL + 875 no 
15 
- 
0.9 
2.9 


Propagalion 
Delay. 
Clock 
to a (2 
I b OUIPUt! 
tPHL 
"" 
'PHL. 
tpLH· 
11.7 ni/pFI 
CL + 5915 nl 
tpLH 
5.0 
- 
6.0 
18 


tPHL. tPLH • 10.66 ni/pFI 
CL + 3467 
nl 
10 
- 
3.5 
10 


tpHL. tPLH • (0.5 ns/pFI 
CL + 2475 nl 
15 
- 
2.5 
7.5 


Clock Pul •• Width 
'WH(ell 
5.0 
900 
300 
nl 
10 
300 
100 
- 
15 
225 
85 
- 


Clock Pul•• 
Frequency (50% Duty Cycl.) 
lei 
5.0 
- 
1.5 
0.75 
MHz 
10 
- 
4.0 
2.0 
15 
- 
6.0 
3.0 


MR Pul •• Width 
'WHIRl 
5.0 
900 
300 
- 
nl 
10 
300 
100 
- 
15 
225 
85 
- 


M•• t.r R••• 
t Remoyal Time 
'rem 
5.0 
420 
210 
- 
na 


10 
200 
100 
- 
15 
200 
100 
- 


9 
Q/Q 
Select 


s•••• 


Pin 
0 
1 


Auto Reset, 
6 
Auto A•• t OP4tf· 
Auto 
R••• 
atlng 
Ol_bled 
Master ~eset, 6 
Ti~ 
Op•• tional 
Man-rA_.tOn 
0/0, 
8 
Output 
Initially 
Output 
Inltielly 
High 
LowAf_R 
•• t 
Aft ••• A••• 
Mode, 
10 
Sin", 
Cye" Mode 
Reeve" 
Mode 


Numbl<of 
Counter S••••• 
Count 
A 
8 
n 
2" 
0 
0 
13 
8182 


0 
1 
10 
1024 
1 
0 
8 
2116 
1 
1 
18 
1155311 


I 
I 
II 
Int.rna' 
L_~~ 
__ 


l 
4.0 
zc 
;::.. 
~ 
c 
~ 
.••.0 
~ 
---- --- ---- 
::> 
'"~ 
-1.0 


RTC' 
56 kll. J -- 
RS' 
0,1' 
10.I5tH. 
(I VOO' 
10 V. TA' 
25° 
-16 
C' 
IDDDpF 
1--- RS' 
12Okll,I 
• 1.8kH.(I 
VOO "IOV, 
TA" 250C 


-55 
-25 
0 
25 
50 
15 
100 
125 


TA, AMBIENT TEMPERATURE lOCI 


FIGURE 5 - 
RC OSCILLA TOR FREQUENCY AS A 
FUNCTION OF RTC AND CTC 


50 
'"~ 20 
~ 10 
::> 
~ 5.0 
faufunction 
'" 
01 C 
'" 
2.0 
'-IRrc 
• 56 kill 
~ 
j 
\.0 
IRS .120 kO 
~ 
c 0.5 


0.2 


0.1\.0 
k 


0.0001 


I 
k 
lOOk 
RTC. RESISTANCE IOHMS) 
0.001 
0.01 
C. CAPACITANCE ("FI 


With Auto Reset pin set to a "0" the counter circuit is 
initialized bv turning on power, Or with power already on, 
the count., circuit is reset when the Master Reset pin is set 
to a "1", Both types of reset will result in synchronously 
resetting all counter stages independent of counter state. 
Auto Reset pin when set to a "I" provides a low power 
operation. 
. 
The RC oscillator as shown in Figure 3 will oscillate 
with a frequency determined bv the exterr.al RC net· 
work i.e., 


fS~tc 
if (1 kHz"f" 
100 kHzl 


and 
RS'" 2 Rtc 
where RS" 
10 kO 


The time select inputs (A and Bl provide a two-bit 
address to output anyone of four counter stages (28,2'0, 
213 and 216). The 2" counts as shown in the Frequency 
Selection Table represents the 0 output of the Nth stage 
of the counter. When A is "1", 216 is selected for both 


states of B, However, when B is "0", normal counting is 
interrupted and the 9th counter stage receives its clock 
directly from the oscillator (i,e., effectively outputing 28). 


The OIQ·selectoutput control pin provides for a choice 
of output level. When the counter is in a reset condition 
and 010 select pin is set to a "0" the 0 output is a "0", 
correspondingly when 010 select pin is set to a "I" the 
o output isa "1", 
When the mode control pin is set to a "''', 
the 
selected count is continually transmitted to the output. 
But, with mode pin "0" and after a reset condition the 
RS flip-flop (see 
Expanded 
Block Diagram) resets, 


counting commences. 
and after 2n-' 
counts the RS 
flip-flop sets which causes the output to change state. 
Hence, after another 2n-' 
counts the output will not 
change. Thus. a Master Reset pulse must be applied or 
a change in the mode pin level is required to reset the 
single cycle operation, 


Rte 
1 
Cte 
2 


R. 
3 


NC 
• 
AR 
5 
......• 
6 
...tL Input 
-II- 
.... 


tMR 


10 
MODE 
OIlS .•••. 
9 
VDD 


When Master Reset (MR) receives a positive pul98, the 
internal counters and latch are re98t. The 0 output goes 
high and remains high until the .Iected 
(via A and B) 
number of clock pulses •• 
'c:oun1ed.the 0 output then 
goes low and remains low until -.»ther 
input pu198is 
received. 
This "one shot" is tully retriggerable and es 8CQjreta85 
the input frequency. An external clock can be uaed (pin 
3 is the clock input, pins 1 and 2 are outputs) if additional 
8CQjracyis needed. 
. 


Notice that a 98tup time equal to the desired pul98 
width output 
is required immediately following initial 
power uP. during which time 0 output will be high. 


@MOTOAOLA 


DUAL MONOST ABLE MUL TIVIBRA TOR 
IRETRIGGERABLE. 
RESETTABLE) 


The MC14548B 
is identical 
in pinout 
to the MC14538B 
and the 
MC14528B. 


This dual 
monostable 
multivibrator 
may be triggered 
by either 
the positive 
(A input) 
or the negative 
edge 
(B input) 
of an input 
pulse. 
and produces 
an output 
pulse 
over a wide 
range 
of pulse 
widths. 
The outpyt 
pulse 
width 
is determined 
by the external 
tim- 
ing components, 
RX and 
CX. 
The 
device 
has 
a reset 
function 
which forces the a output 
low and 0'output 
high, regardless 
of the 
state of the output 
pulse circuitry. 


Due to minimal 
output 
pulse 
width 
variation 
over 
temperature. 
the 
MC14548 
is recommended 
for 
new 
designs 
in lieu 
of the 
MC14528 
or 
MC14538. 
However, 
the 
MC14548 
requires 
more 
quiescent 
current 
than the MC14528 
or MC14538. 


• 
Unlimited 
Rise and Fall Times 
Allowed 
on the A Trigger 
Input 


• Output 
Pulse Width 
is Independent 
of the Trigger 
Pulse Width 


• Latched 
Trigger 
and Reset 
Inputs 


• Supply Voltage 
Range = 3.0 to 18.0 Vdc 


• 
For pulse widths < 1 ••s, use the HC4538 


DUAL 
(RETRIGGERABlE. 
RESETTABlE) 


MONOSTABlE 
MUlTIVIBRATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


A Series: - 5S·C to + 12S·C 


MCt4XXXBAl 
(Ceramic 
Package 
Only) 


C Series: 
- 4Q-C to + 8S·C 


MC14XXXBCP 
(PI •• tic Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Voo-Pin 
16 
VSS 
VDD, 


Voo 
VSS 
-Pin 
1. Pin 8. Pin 15 
CxYRx1 
VSS 
RX and Cx are external 
componenlS 
Reset 1 
14 
Cx2fRx2 
f"f 


Al 
13 
Reset 2 
Trigger 
6,10 a 
81 
12 
A2 
InpulS 
8511 
7,9Q 
01 
11 
B2 


__ 
3,13 
ill 
10 
02 


Reset 
- 


VSS 
9 02 


100 n8 
1 JL8 
10...... 
100~. 
1 ma 
10 me 
100 ma 
,. 
10 • 


MC'4S288 


MC'45388 


MC'45388 


MC'454,8 


MC'45488 


HC4538" 


"L1MITEO 
OPERATING 
VOLTAGE 
(2-8V) 


Total Output Pul•• 
Width Range 
<J 
D 


R.commended 
Pulae Wktth Range)( 
)( 


FUNCTION 
TABLE 


Inputs 
Outpu,s 
IliiS8t 
A 
B 
Q 
n 


H 
.r 
H 
.n. 
Lr 
H 
L 
'- 
.n. 
Lr 
H 
.r "'\. 
L 
Not 
Triggered 
H 
H 
.r"\.. 
Not 
Triggered 


H 
• H•..••••. 
H 
Not 
Triggered 
H 
L 
L. H•.r 
Not 
Triggered 


L 
X 
X 
L 
H 
....•.. 
.r 
X 
X 
Not 
Triggered 


This 
device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
::r;;,: 
(Vin 
or 


Vout) 
'" VOO' 
Unused 
inputs 
must always 
be tied to an ap- 


propriate 
logic voltage 
level (e.g., either VSS 
or VOO)' Unused 
outputs 
must be left open. 


Symbol 
Parame.er 
Value 
Unit 


VOO 
OC Supply Voltage 
- 0.5 to + 18.0 
V 


Vln. Vout 
Input or Output Vott.ge 
(DC or Transient) 
- 0.5 to VOO + 0.5 
V 


'in. lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 


Po 
Power Dissipation. per Packaget 
500 
mW 


Tato 
Storage Temperature 
-85 
to + 150 
·C 


TL 
Lead Temperature (8-Second Soldering) 
280 
·C 


*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: 
- 12mW/oC from 65°C to 85°C 
Ceramic "L" 
Package: 
-12mWrC 
from 100°C to 125°C 


Voo 
Tiow. 
25°C 
Thigh· 


Characteristic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typ ••• 
Max 
Min 
Ma. 
Unit 


Output Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
V 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
V 
Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Inpul Vollege 
"0" 
Level 
V1L 
V 
(Va = 4.5 or 0.5 
Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va = 13.5 
or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
V1H 
V 
(Va = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 


(Va = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(Va = 1.5 or 13.5 
Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IOH 
mA 
(VOH = 2.5Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9.5 Vdcl 
10 
-1.6 
- ~ 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 
Vdc) 
15 
-4.2 
-" 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mA 
(VOL = 0.5 
Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


lin 
15 
- 
±0.05 
- 
± 
±0.05 
- 
±0.5 
~A 
Input Current, 
Pin 2 or 14 
0.00001 


'in 
15 
- 
±0.1 
- 
± 
±0.1 
- 
± 1.0 
~A 
Input Current. 
Other Inputs 
0.00001 


Input Capacitance, 
Pin 2 or 14 
Cin 
- 
- 
- 
- 
25 
- 
- 
- 
pF 


Input Capacitance, 
Other Inputs 
Cin 
- 
- 
- 
- 
5.0 
7.5 
_. 
- 
pF 
(Vin = 01 


Quiescent Current. Standby State 
100 
5.0 
- 
60 
- 
50 
60 
- 
170 
",A 


(AL Oevi~s) 
(Per Package) 
10 
- 
85 
- 
75 
85 
- 
220 
a-Low, 
a=High 
15 
- 
110 
- 
80 
110 
- 
270 


Quiescent Current, Standby State 
100 
5.0 
- 
80 
- 
50 
80 
- 
220 
",A 


tCuCP 
Oe!..ices) (Per Package) 
10 
- 
105 
- 
75 
105 
- 
270 
a 
- 
Low, a 
- 
High 
15 
- 
130 
- 
80 
130 
- 
370 


Quiescent Current, Active State (ALL) 
100 
5.0 
- 
2.0 
- 
.04 
20 
- 
2.0 
mA 
(Per Package) 
10 
- 
2.0 
- 
.08 
.45 
- 
2.0 
~-Low, 
a-High 
15 
- 
2.0 
- 
.13 
.70 
- 
2.0 


• 
Tlow 
= -55°C 
for Al 
Device, 
-40°C 
for CUCP Device, 


Thigh = 
+ 125°C 
lor AL Device, 
+85°C 
lor CUCP Device. 


• 


All Type. 


C".r.et.r.at.c 
Symbol 
~~ 
Mln 
Typ ••• 
Max 
Unit 


Output Transition Time 
ITLH. 
5.0 
- 
tOO 
200 
ns 
Qor"Q" 
ITHl 
10 
- 
50 
100 
15 
- 
40 
80 


Propagation 
Dela.!. Time 
tpLH, 
5.0 
- 
200 
400 
ns 
AorStoOorO 
IpHl 
10 
- 
100 
200 
15 
- 
80 
160 


Reset to a or a 
5.0 
- 
185 
370 
ns 
10 
- 
90 
180 
15 
- 
75 
150 


Input Pulse Width 
tw(H). 
5.0 
50 
25 
- 
ns 
A, B or Reset 
IW(l) 
10 
30 
15 
- 
15 
20 
10 
- 


Retrlgger Time, To Extend Pulse 
trx 
5.0 
- 
- 
"'s 
Inpul A or B (Cx in ",I) 
10 
Kt ex 
- 
- 


Kl = 2<n)(~), K2= t3(~) 
15 
0.75 
+ Voo+K2 ex 
- 
- 


Rstrlgger 
Time, To Issue New Pulse 
I" 
5.0 
0 
- 
- 
ns 
Input A or B 
10 
0 
- 
- 
15 
0 
- 
- 


Recovery 
Time 
tree 
5.0 
20 
11.6 
- 
ns 
Reset Inactive to A or B 
10 
10 
4.8 
- 
15 
6 
3.0 
- 


Input Rise and Fall Time 
t,.tf 
5.0 
- 
- 
15 
"'s 
Reset 
10 
- 
- 
5 
15 
- 
- 
4 


B Input 
5.0 
- 
286 
200 


10 
- 
40 
25 
15 
- 
22 
15 


A Input 
5.0 
10 
No Limit 
15 


Output Pulse Width - 
a or a 
T 
5.0 
9 
12.6 
15 
"'S 
CX~O.OOl ",F RX~ 
10 kn 
10 
8 
11.8 
14 


15 
8 
11.6 
14 


CX~O.Ol ",F RX~ 
10 kn 
5.0 
82 
90 
100 
"'S 
10 
69 
77 
85 


15 
61 
73 
80 


CX~ 1.0 ",F RX- 
100 kn 
5.0 
64 
71 
78 
ms 
10 
62 
68 
75 
15 
62 
68 
75 


Pulse Width Match between circuits in 
Tl 
- 
T2 
5.0 
- 
±1 
- 
% 
the same package 
--- 
10 
- 
±1 
- 
CX-0.1 
",F RX- 
100 kn 
Tl 
15 
- 
±1 
- 


External Timing Resistance 


External Timing Capitance 


The maximum allowable values of AX and eX are a function of the leakage of capacitor eX' the leakage of the MC14548B. 
and leakage due to 
board layout and surface resistance. Values of RX and ex should be chosen so that the maximum current into pin 2 or pin 14 is 10 mA. Suscep- 
tibility to externally 
induced noise signals may occur for RX :> 1 MO. 


PIN DESCRIPTIONS 


OUTPUTS 


01, 
02 
(Pin. 
6,10) - 
Noninverted 
monostable 
out- 
puts. 
These 
pins 
(normally 
low) 
pulse 
high 
when 
the 
multivibrator is triggered at either the A or the B input. The 
width of the pulse 
is determined 
by the external 
timing 
components, 
RX and CX· 
01, l:S2 (Pin. 
7, 9) - 
Inverted 
monostable 
outputs. 
These 
pins 
(normally 
high) 
pulse 
low 
when 
the 
multivibrator 
is triggered 
at either 
the A or the B input. 


These outputs are the inverse of 01 and 02. 


Al, 
A2 (Pin. 
4,12) 
- 
Positive-edge 
trigger inputs. A 
rising-edge 
signal on either of these pins will trigger the 
corresponding 
multivibrator 
when there is a high voltage 
level on the B1 or B2 input. 


81, 82 (Pin. 
5, 11) - 
Negative-edge 
trigger inputs. A 
falling-edge 
signal on either of these pins will trigger the 
corresponsing 
multi vibrator 
when there 
is a low voltage 
level on the A1 or A2 input. 


R••• t 1, iiHei2 (Pin. 
3, 13) - 
Reset inputs (active 
low). When a low voltage is applied to one of these pins, 
the 0 output of the corresponding 
multi vibrator is reset to 
a low voltage and the i:i output is set to a high voltage. 


CX1/RX1 and CX2/RX2 (Pin. 
2 and 14) - 
External 
timing components. 
These pins are tied to the common 
points of the external timing resistors 
and capacitors 
(see 
the Block Diagram). 


POWER 


VDD (Pin 
16) - 
Most positive 
supply 
potential. 
This 
voltage may range from 3 to 18 volts with respect to VSS· 


VSS (Pin. 
1, 8, 15) - 
Most negative supply potential 
(usually ground). 


NOTE: All 3 pins must be connected 
externally 
to the 
power supply to insure proper performance. 


FIGURE 
1 - 
FUNCTION 
DIAGRAM 
(~ tile device) 


RX +voo 


2,14 


I 
I 
I 
I 
I 
I 
I 
~---------~~~~~---------~ 


lower reference voltage (Vref Lower = 1/3 VOO). Cx then 
charges, through RX, back up to the upper reference volt- 
age (Vref Upper = 2/3 VOO), at which point the one-shot 
has timed out and the 0 output goes low. 


The following, 
more detailed 
description 
of the circuit 
operation 
refers to both the function 
diagram 
(Figure 
1) 
and the timing diagram (Figure 2). 


Figure 4 shows the 
14548B 
configured 
in the 
retrig- 
gerable mode. Briefly, the device operates 
as follows (re- 
fer to Figure 1). In the quiescent state, the external timing 
capacitor, CX, is charged to VOO. When a trigger occurs, 
the 0 output goes high and Cx discharges 
quickly to the 
• 


QUIESCENT 
STATE 


In the quiescent state, before an input trigger appears, 
the output latch is high and the reset latch is high (# 1 in 
Figure 2). Thus the Q output (pin 6 or 10) of the mono- 
stable multivibrator 
is low (#2, 
Figure 2). 


The output of the trigger-control 
is low (#3). and transis- 


tors M1, M2, and M3 are turned oll. The external 
timing 


capacitor, CX, is charged to VDD (#4). 
and the upper ref- 


erence 
circuit 
has a low output 
(#5). 
Transistor 
M4 is 
turned on and transmission 
gate T1 is turned oll. Thus the 
lower reference 
circuit has VDD at the noninverting 
input 
and a resulting low output (#6). 


In addition, the output of the trigger-control 
reset circuit 
is low. 


p;q.. 
Tr:~~p~~~le 
_I.. 
T~p~~~le 
_1_.•~_R_ese_t_.I •• 


P~ 
~trx-:l 


Trigger Input A 
----- 
n 
rL..Jl 
(Pin 4 or 12) 
•.••• 
L. 
_ 


®LJ 
-=---_---'n~__ 


The 14548B is triggered by either a rising-edge 
signal at 
input A (#7) or a falling-edge 
signal at input B (#8), 
with 
the unused trigger input and the Reset input held at the 
voltage levels shown in the Function Table. Either trigger 
signal will cause the output of the trigger-control 
circuit to 
go high (#9). 


The trigger-control 
circuit going high simultaneously 
ini- 
tiates three events. First, the output latch goes low, thus 
taking the Q output of the 14548B to a high state (#10). 
Second, transistor 
M3 is turned on, which allows the ex- 
ternal 
timing 
capacitor, 
CX, to rapidly 
discharge 
toward 
ground (#11). (Note that the voltage across Cx appears at 
the input of the upper reference circuit comparator). 
Third, 
transistor 
M4 is turned 
oll 
and transmission 
gate T1 is 
turned on, thus allowing the voltage across Cx to also ap- 
pear at the input of the lower reference circuit comparator. 


When eX 
discharges 
to the reference 
voltage 
of the 
lower reference 
circuit 
(#12), 
the outputs 
of both refer- 


ence circuits will be high (#13). 
The trigger-control 
reset 
circuit goes high, resetting 
the trigger-control 
circuit 
flip- 
flop to a low state 
(#14). 
This turns 
transistor 
M3 off 
again, 
allowing 
Cx 
to begin to charge 
back up toward 


VDD, with a time constant 
t = RXCX (#15). 
In addition, 


transistor 
M4 is turned 
on and transmission 
gate T1 is 
turned off. Thus a high voltage level is applied to the input 
of the lower reference circuit comparator, 
causing its out- 
put to go low (#16). 
The monostable 
multivibrator 
may be 
retriggered at any time after the trigger-control 
circuit goes 
low. 
When Cx charges up to the reference voltage of the up- 
per reference circuit (#17), 
the output of the upper refer- 
ence circuit goes low (#18). 
This causes the output latch 
to toggle, 
taking 
the Q output 
of the 
14548B 
to a low 
state 
(#19), 
and completing 
the time-out 
cycle. 


A low voltage applied to the Reset pin always forces the 
Q output of the 14548B to a low state. 
The timing diagram 
illustrates 
the case in which 
reset 
occurs (#20) while Cx is 'charging up toward the reference 
voltage of the upper reference circuit (#21). 
When a reset 
occurs, the output of the reset latch goes low (#22), 
turn- 
ing on transistor 
M1. Thus Cx is allowed to quickly charge 
up to VDD (#23) to await the next trigger signal. 


When used in the retriggerable 
mode (Figure 
4), the 
MC14548B 
may be retriggered 
during timing 
out of the 
output 
pulse at any time after 
the trigger-control 
circuit 
flip-flop has been reset (#24). 
Because the trigger-control 
circuit flip-flop 
resets shortly 
after Cx has discharged 
to 
the reference voltage of the lower reference circuit (#25), 
the minimum retrigger time, trx (Figure 1) is a function of 
internal propagation 
delays and the discharge time of CX· 
Figure 5 shows the device configured in the non-trigger- 
able mode. 


Large values of Cx may cause problems when powering 
down the 14548B because of the amount of energy stored 


in the capacitor. When a system containing 
this device is 
powered down, the capacitor 
may discharge 
from 
VOO 
through 
the input 
protection 
diodes 
at pin 2 or pin 14. 


Current through the protection 
diodes 
must be limited to 
10 mA, therefore, the turn-off time of the VOO power sup- 
ply must not be faster than t = VOOeCX/(10 mAl. For ex- 
ample, if VOO = 5 V and Cx = 
15 Il-F, the VOO supply 
must turn off no faster than t = (5 V)e{15 
Il-F)/10 
mA = 
7.5 ms. This is usually not a problem because power sup- 
plies are heavily filtered and cannot discharge at this rate. 
When a more rapid decrease 
of VOO to zero volts oc- 
curs, the MC14548B 
may sustain damage. 
To avoid this 
pOSSibility,use an external clamping diode, OX, connected 
as shown in Figure 3. 
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The MC14551B 
is a digitally-controlled 
analog 
switch. 
This device 
im- 
plements 
a 4PDT 
solid 
state 
switch 
with 
low ON 
impedance 
and 
very 
low OFF Leakage 
current. 
Control 
01 analog 
signals 
up to the complete 


supply 
voltage 
range 
can be achieved. 


• 
Diode 
Protection 
on 
All 
Inputs 


• 
Supply 
Voltage 
Range 
= 
3.0 
Vdc 
to 
18 
Vdc 


• 
Analog 
Voltage 
Range 
(VOO-VEEI 
= 3 to 
18 
V 


Note: 
VEE 
must 
be 
'" 
VSS 


• 
Linearized Transfer Characteristics 


• 
Low 
Noise 
- 
12 nVI vCycle, 
1 " 
1 kHz typical 


• 
For 
Lower 
RON, 
Use 
The 
HC4051, 
HC4052, 
or HC4053 
High-Speed 
CMOS 
Devices 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
(Referenced 
to VEE. 
- 0.5 to 
+ 18.0 
V 


VSS 
,. 
VEE) 


Vin,Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
-...-0.5 
V 


(Referenced 
to VSS 
for 
Control 
Input 
& VEE 


for 
Switch 
1/0) 


lin 
Input 
Current 
(DC 
or Transient), 
per 
Control 
Pin 
",'0 
mA 


Isw 
Switch 
Through 
Current 
",25 
mA 


Po 
Power 
Dissipation, 
per 
Packaget 
500 
mW 


Tste 
Storage Temperature 
--65 to +150 
°c 


TL 
lead 
Temperature 
(a-Second 
Soldering) 
260 
°C 


·Maximum 
Ratings 
are 
those 
values 
beyond 
which 
damage 
to the 
device 
may 
occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
~ 12mWrC from 
65°C 
to 85°C 


Ceramic 
"L" 
Package: 
-12mW/oC 
from 
100°C 
to 
125°C 


ANALOG 
MUL TIPLEXErl/ 


DEMUL TIPLEXER 


CASE 
620 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
648 


P SUFFIX 


PLASTIC 
PACKAGE 


C Series: 
- 40°C to 
+ 85°C 


Me 14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 
•• 


9 


14 
W1 
16 


'5 
2 
XO 
15 


ON 
1 
4 
3 
Xl 
14 
WO xo yo zo 
2 
Commons 
4 
X 
13 
Wl 
Xl Yl 21 


SWItches 
3 
Outlln 


InlOut 
6 
5 
5 
Y 
Zl 
12 


VOO:' 
Pin 16 
10 
VSS "'-Pm 8 
6 
YO 
11 


11 
13 
VEE"'-Pln7 
J 
VEE 
Y1 
10 
12 
8 
VSS 
Control 
9 


Power Supply Vo~age 
VOO 
- 
VOO-3 
~ VSS ~ Vee 
3 
18 
3 
- 
18 
3 
18 
V 


Range 


Quieace"' 
Current 
Per 
100 
5 
Control 
Inputs: Vln3: VSS or Veo. 
- 
5 
- 
0.005 
5 
- 
150 
,.A 


Package (AL Davlce) 
10 
Swllch 1/0: Vee 
•• VI/O 
•• VOO. 
- 
10 
- 
0.010 
10 
- 
300 


15 
and AVa.ltch 
0IIii 500 mV•• 
- 
20 
- 
0.015 
20 
- 
800 


Quiescent 
Current 
Per 
100 
5 
Control 
Inputs: VI" = Vss arVOD. 
- 
20 
- 
0.005 
20 
- 
150 
•.••A 


Package (ClICP 
Device) 
~, 
10 
Switch 1/0: Vee 
•• VIIO •• VOO. - 
40 
- 
0.010 
40 
- 
300 


15 
and .:1V.wltch 
IIIIii 500 mV•• 
- 
80 
- 
0.015 
80 
- 
800 


Total Suppty Current 
IO(AV) 
5 
TA - 
25'C only 
{ (0.07 •.••AlkHz)1 + 100 
•.••A 


(Dynamic 
Plus Qui •• cent, 
10 
(The channel component, 
Typical 
(0.20 y.AlkHz)1 + 100 


Per Package) 
15 
(Vi" - Voud/Ron. Ie not 
(0.38 y.AlkHz)1 + 100 


Included.) 


Low·leve' 
Input Vonage 
VIL 
5 
Ron - 
per apec, 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
V 


10 
loff 
= per apec 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


15 
- 
4.0 
- 
8.75 
4.0 
- 
4.0 


Hlgh-Leve' 
Input Voltage 
VIH 
5 
Ron """ per spec, 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
V 


10 
loff - 
per spec 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Input Leakage Current 
lln 
15 
VI" = 0 or Voa 
- 
:to.t 
- 
:to.ooaOt 
:to.t 
- 
:1.0 
•.••A 


(AL Device) 


Input Leakage 
Current 
Iin 
15 
Vln - 
0 or VOO 
- 
;'0.3 
- 
:0.סס OO1 
;,0.3 
- 
;,1.0 
•.••A 


(ClICP 
Device) 


Input 'Capacltance 
Cln 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


Recommended 
Peak-to- 
VI/O 
- 
Channel On or Off 
0 
VOO 
0 
- 
VOO 
0 
VOO 
Vp_p 


Peak Voltage Into or 
Out of the Switch 


Recommended 
Static or 
.:1V.wltch 
- 
Channel On 
0 
800 
0 
- 
800 
0 
300 
mV 


Dynamic Voltage Acro •• 
the Swttch •• (Flgur. 
3) 


Output Offset Vottage 
VOO 
- 
Vin ., 0 V, No load 
- 
- 
- 
10 
- 
- 
- 
•.••V 


ON Resistance 
Ron 
5 
.c1Vswltch•••500 mV•.•• 
- 
800 
- 
250 
1050 - 
1300 
n 


(AL Device) 
10 
Vln "'" VIL or VIH (Control). 
- 
400 
- 
120 
500 
- 
550 
15 
and Vin - 
0 to VOO (Switch) 
- 
22q 
- 
80 
280 
- 
320 


ON Realatance 
Ron 
5 
.c1Vswitch•• 500 mV••• 
- 
880 
- 
250 
1050 - 
1200 
n 


(ClICP 
Oevlee) 
10 
Vin - 
VIL or VIH (Control). 
- 
450 
- 
120 
500 
- 
520 
15 
and Vin 
:z 0 to VOO (Switch) 
- 
250 
- 
80 
280 
- 
300 


.c1ON Resistance 
Between. 
.c1Ron 
5 
- 
70 
- 
25 
70 
- 
135 
n 


Any Two Channela 
10 
- 
50 
- 
10 
50 
- 
95 
In the Same Package 
15 
- 
45 
- 
10 
45 
- 
85 


Off·Channel 
Leakage 
loll 
15 
Vin ., VIL or V,H (Control) 
- 
::t:100 - 
;,0.05 
±10 
- 
::t:1000 
nA 
Current (AL Device) 
"'Channel to Channel or 
(Figure 8) 
Any One Channel 


Off-Channel 
Leakage 
loll 
15 
Vin "'" VIL or VIH (Control) 
- 
;,300 
- 
;,0.05 
;,300 
- 
±1000 
nA 
Currant (ClICP 
Device) 
Channel to Channel or 
(Figure 8) 
Any One Channel 


Capacitance, 
Switch I/O 
CliO 
- 
Switch Off 
- 
- 
- 
10 
- 
- 
- 
pF 


Capacitance, 
Common 011 
COil 
- 
- 
- 
- 
17 
- 
- 
- 
pF 


Capacitance. 
Feedthrough 
CliO 
- 
Pins Not Adjacent 
- 
- 
- 
0.15 
- 
- 
- 
pF 
(Channe' 011) 
- 
Pins Adjacent 
- 
- 
- 
0.47 
- 
- 
- 


• Tlow - 
- 55·C for AL Device, 
- .•0· for CLiCP Device. 


Thigh" 
+ 1~·C 
for AL Device, 
+ 85·C for cuep Device. 


# Data labeled "Typ" 
Is not to be used for de.ign 
purposes, 
but is intended a8 an indication of the IC's poten1ial performance . 


•• For voltage drops across the switch (.c1Vswltch) >600 mV (>300 mV at high temperature), 
excessive VDD current may be drawn; i.e. the current 
out of the awltch may contain both VDD and switch Input components. 
The reliability 
of the device will be unaffected unless the Maximum Ratings 
are exceeded. (See first page of this data sheet.) 


VDD-VEE 
Cher.cterl.tlc 
Symbol 
Vdc 
Mln 
Typ" 
Mex 
Unit 


Propagation 
Delay Times 
tpLH. tpHL 
ns 
Switch Input to Switch Output (RL 
= 10 kO) 


tpLH. tPHL ~ (0.17 ns/pF) CL + 26.5 ns 
5.0 
- 
35 
90 


tpLH. tpHL - (0.08 ns/pF) CL + 11 ns 
10 
- 
15 
40 
tpLH. tpHL - (0.06 ns/pF) CL + 9.0 ns 
15 
- 
12 
30 


Control Input to Output (RL = 10 kO) 
tpLH. tpHL 
ns 
VEE~ VSS (Figure 4) 
5.0 
- 
350 
875 
10 
- 
140 
350 
15 
- 
100 
250 


Second Harmonic 
Distortion 
- 
10 
- 
0.07 
- 
% 


AL -10 
kO. 1-1 
kHz. Vin ~ 5 Vp_p 


Bandwidth (Figure 5) 
BW 
10 
- 
17 
- 
MHz 
AL - 
1 kO. Vin - 
1/2 (Voo - VEE) pop' 


20 Log Vout ~ - 3 dB. CL - 50 pF 
Vin 


Off Channel 
Fsedthrough 
Attenuation, 
Figure 5 
- 
10 
- 
-50 
- 
dB 
AL - 
1 kO. Vin ~ 1/2 (VOO- VEE) pop. 


fin"",S5 MHz 


Channel 
Separation 
(Figure 6) 
- 
10 
- 
-50 
- 
dB 
AL - 
1 kO. Vin~ 
1/2 (VOO-VEE) 
pop. 


fin=3 
MHz 


Crosstalk. 
Control Input to Common 
OIl, 
Figure 7 
- 
10 
- 
75 
- 
mV 


A1-1 
kO, AL-10 
kO, 


Control 
tr = tf 
:::II: 20 os 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static 
voltages 
or electric 
fields. 
However, 


precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-imped- 
ance circuit. For proper 
operation. 
Vin and Vout should be constrained 
to the range 
VSS 
'Ii< 
(Vin or Vout) 
or;;; 
VOO for 
control inputs and VEE 
•• (Vin or Vout) 
'" VOO for Switch I/O. 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g .• either VSS. 
VEE. or VOO). 
Unused outputs 
must be left open. 


B1 
- 
V.EE 


InIOU'rOUt/ln 


Control 


wo 
15 
1. W 
Wl 


XO :: 


)( 
Xl 
yo 
80 
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Yl 
10 <>---- 


ZO 11: 
Z 
Zl 
12 
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Figure 
A illustrates 
use 
of the 
on-chip 
level 
con- 
verter detailed 
in Figure 2. The 0-to-5 volt Digital 
Con- 
trol signal 
is used to directly 
control 
a 9 Vp_p analog 
signal. 


The digital 
control 
logic 
levels 
are determined 
by 
VOO and VSS' The VOO voltage 
is the logic high volt- 
age; the VSS voltage 
is logic 
low. 
For the example, 
VOO = 
+5 
V = logic high at the control 
inputs; 
VSS 
= GNO = 0 V = logic 
low. 
The maximum 
analog 
signal 
level 
is determined 
by 
VOO and VEE. The VOO voltage 
determines 
the maxi- 
mum recommended 
peak 
above 
VSS. 
The VEE volt- 
age determines 
the maximum 
swing 
below 
VSS. 
For 
the example, 
VOO 
- 
VSS 
= 5 volt 
maximum 
swing 
above 
VSS; 
VSS 
- 
VEE 
= 5 volt 
maximum 
swing 


below 
VSS. 
The 
example 
shows 
a 
± 4.5 volt 
signal 
which allows a 1/2 volt margin 
at each peak. If voltage 
transients 
above 
VOO and/or 
below 
VEE 
are antici- 
pated 
on the 
analog 
channels, 
external 
diodes 
(Ox) 
are recommended 
as shown 
in Figure 
B. These 
di- 
odes should 
be small 
signal 
types 
able to absorb 
the 
maximum 
anticipated 
current 
surges 
during 
clipping. 


The 
absolute 
maximum 
potential 
difference 
be- 
tween 
VOO and VEE 
is 18.0 volts. 
Most 
parameters 
are specified 
up to 15 volts which is the recommended 
maximum 
difference 
between 
VOO and VEE. 


Balanced 
supplies 
are not required. 
However, 
VSS 
must be greater 
than 
or equal 
to VEE. 
For example, 
VOO = 
+10 
volts, 
VSS = 
+5 volts, 
and VEE = -3 
volts 
is acceptable. 
See the lable below. 


9 Vp_p 


Analog Signal 
9 vp_p 


Analog Signal 


External 
CMOS 
Digital 
Circuitry 


O-to-5 V digital 


Control Signal 


VDD 
VDD 


Dx 
Dx 


Switch 
Common 


110 
011 


Dx 
Dx 


vEE 
VEE 


VDD 
VSS 
VEE 
Control 
Inputa 
M.xlmum Analog Signa. 
Range 
In Volte 
In Volle 
In Volte 
Logic 
Hlgh/Loglc 
L_ 
In Volta 
In Volte 


+8 
0 
-8 
+8/0 
+8 to -8 
- 
16 vp_p 


+5 
0 
-12 
+5/0 
+5 to -12 
- 
17 vp_p 


+5 
0 
0 
+5/0 
+ 5 to 0 - 5 vp_p 


+5 
0 
-5 
+510 
+510 
-5 = 10 vp_p 


+10 
+5 
-5 
+10/+5 
+10 to -5 
- 
15 Vp_p 
• 


@MOTOROLA 


The MC14553B three-digit BCD counter consists of three negative 
edge triggered BCD counters that 
are cascaded synchronously. A 
quad latch at the output 
of each counter permits storage of any 
given count. 
The information 
is then time division 
multiplexed, 
providing one BCD number or digit at a time. Digit select outputs 
provide display control. All outputs are TTL compatible. 


An on-ehip oscillator provides the low·frequency scanning clock 
which drives the multiplexer output selector. 


This device is used in instrumentation 
counters, clock displays, 


digital 
panel meters, and as a building 
block 
for 
general logic 
applications. 


• 
TTL Compatible Outputs 


• 
On·Chip OscilIator 


• 
Cascadable 


• 
Clock Disable Input 


• 
PulseShaping Permits Very Slow Rise Times on Input Clock 


• 
Output Latches 


• 
Master Reset 


Symbol 
Per.met.r 
V.lue 
Unit 


VOO 
DCSupplyVoltage 
-0.5 
to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
-0.5 to VOO+0.5 
V 


Iin 
Input Current (DC or Transient), 
per Pin 
=10 
mA 


lout 
Output Current (DC or Transient), 
per Pin 
+20 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


Tota 
Storage Temperature 
-65 
to + 150 
·C 


TL 
Lead Temperature 
(8-Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: - 12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: -12mWrC 'rom 100°C to 125°C 


INPUTS 
MASTER 
RESET 
CLOCK 
DISASLE 
LE 
OUTPUTS 


0 
~ 
0 
0 
No 
Change 


0 
~ 
0 
0 
Advance 


0 
X 
1 
X 
No Chane- 


0 
1 
~ 
0 
Advance 


0 
1 
---- 


0 
No Chane- 


0 
0 
X 
X 
No 
Chen •• 


0 
X 
X 
....r- 
Latched 


0 
X 
X 
1 
L.tched 


1 
X 
X 
0 
00- 
01 - 02- 
03- 
0 


L SUFFIX 
CERAMIC 
PACKAGE 


CASE620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Serles: 
- "O·C 
to + 8S·C 


MC14XXXBCP 
(PI •• tlc Package) 
MC14XXXBCL 
(Ceramic 
Pack.ge) 


BLOCKDIAGRAM 
4 
3 


CIA 
CIB 00 
9 
12 
Clock 
01 


02 
6 
10 
LE 
03 


O.F. 
14 
11 
Dis 
0s1 


0s2 
13 
MR 
083 
15 


Vee• 
Pin 16 
VSS· 
Pin 8 


This 
device 
contains 
protection 
circuitry 
to 
guard against damage due to high sIalic 
voltages 
or electric 
fields. 
However, precau· 
tions must be taken to avoid applications 
of 


any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained to the range VSS •• (Vln or 
Yout) '" YDD· 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VDD). Unused outputs must be left open. 


Voo 
Tlow. 
2S"C 
Thigh. 


Ch.r.cterlatlc 
Symbol 
Vdc 
Mln 
Mox 
Mln 
Typ" 
Mox 
Mln 
Mox 
Unit 


Output Voltage 
"0" level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOD 
or-O 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 


Vin=O 
or Voa 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage 
"0" level 
VIL 
Vdc 


(VO-4.5 
or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO- 9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO-13.5 
or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO-0.5 
or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(VO- 1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO-1.5 
or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output Drive Current (AL Device) 
IOH 
mAde 


(VOH-4.6 
Vdc) 
Source - Pin 3 
5.0 
-0.25 
- 
-0.20 
-0.36 
- 
0.14 
- 
(VOH-9.5 
Vdc) 
10 
-0.62 
- 
-0.50 
-0.9 
- 
0.35 
- 
(VOH-13.5 
Vdc) 
15 
-1.8 
- 
-1.5 
-3.5 
- 
1.1 
- 


(VOH-4.6 
Vdc) 
Source - Other 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH- 9.5 Vdc) 
Outputs 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH-13.5 
Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL- 0.4 Vdc) 
Sink - Pin 3 
IOL 
5.0 
0.5 
- 
0.4 
0.88 
- 
0.28 
- 


(VOL- 0.5 Vdc) 
10 
1.1 
- 
0.9 
2.25 
- 
0.65 
- 
(VOL- 1.5 Vdc) 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL""' 0.4 Vdc) Sink - Other Outputs 
5.0 
3.0 
- 
2.5 
4.0 
- 
1.6 
- 
(VOL- 0.5 Vdc) 
10 
6.0 
- 
5.0 
8.0 
- 
3.5 
- 


(VOL- 1.5 Vdc) 
15 
18 
- 
15 
20 
- 
10 
- 


Output 
Drive 
Current 
(CUCP 
Device) 
IOH 
mAde 


(VOH-4.6 
Vdc) 
Source - Pin 3 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 
(VOH- 9.5 Vdc) 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 
(VOH-13.5 
Vdc) 
15 
-1.4 
- 
-1.2 
-3.5 
- 
-1.0 
- 


(VOH = 4.6 Vdc) Source-Other 
Outputs 
5.0 
-0.52 
- 
-0.44 
0.88 
- 
-0.36 
- 
(VOH-9.5 
Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH-13.5 
Vdc) 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL- 0.4 Vdc) 
Sink 
- Pin 
3 
IOL 
5.0 
0.23 
- 
0.2 
0.88 
- 
0.16 
- 
(VOL- 0.5 Vdc) 
10 
0.60 
- 
0.5 
2.25 
- 
0.40 
- 
(VOL-1.5 
Vdc) 
15 
1.80 
- 
1.5 
8.8 
- 
1.20 
- 


(VOL = 0.4 
Vdc) 
Sink 
- Other 
Outputs 
5.0 
2.4 
- 
2.0 
4.0 
- 
1.6 
- 


(VOL- 0.5 Vdc) 
10 
3.8 
- 
3.0 
8.0 
- 
2.5 
- 
(VOL- 1.5 Vdc) 
15 
10 
- 
8.4 
20 
- 
7.0 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
- 
"'0.1 
- 
"'0.00001 
"'0.1 
- 
±:1.0 
•.•.Adc 


Input 
Current 
(CUCP 
Device) 
lin 
15 
- 
"'0.3 
- 
±O.OOOOI 
"'0.3 
- 
±:1.0 
•.•.Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin-O) 


Quiescent 
Current 
(Al 
Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
•.••Adc 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
MR-VOO 
15 
- 
20 
- 
0.030 
20 
- 
600 


Quiescent 
Current 
(CUCP 
Device) 
100 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
•.•.Adc 


(Per Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
MR-VOO 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current**t 
IT 
5.0 
IT-(0.35 
".AIkHz)f+ 100 
•.•.Adc 


(Dynamic 
Plus 
Quiescent, 
10 
IT-(0.85 
"AlkHz) f+ 100 


Per 
Package) 
15 
IT~ (1.50 "A/kHz) f + 100 


(Cl 
= 50 
pF on 
all 
outputs, 


all 
buffers 
switching) 
• 


• 


Char.cterl.tlc 
FllIure 
Symbol 
VDD 
Mln 
Typ# 
Max 
Un" 


Oulpul Ria. and Fall Tim. 
2a 
tTLH. 
na 


TTLH. TTHL= (1.5 na/pF) CL + 25 na 
ITHL 
5.0 
- 
100 
200 


TTLH. TTHL= (0.75 nlllpF) CL + 12.5 n. 
10 
- 
50 
100 


TTLH. TTHL -(0.55 
nlllpF) CL +9.5 
na 
15 
- 
40 
80 


Clock to BCD OUI 
2a 
IpLH. 
5.0 
- 
900 
1800 
n. 


tpHL 
10 
- 
500 
1000 
15 
- 
200 
400 


Clock to Overftow 
2a 
tPHL 
5.0 
- 
800 
1200 
n. 
10 
- 
400 
800 
15 
- 
200 
400 


Reaet to BCD Out 
2b 
IpHL 
5.0 
- 
900 
1800 
na 
10 
- 
500 
1000 
15 
- 
300 
800 


Clock to latch 
Enable Setup Time 
2b 
lau 
5.0 
800 
300 
- 
na 


Master 
Reset to Latch Enable 
Setup Time 
10 
400 
200 
- 
15 
200 
100 
- 


Removal Time 
2b 
trem 
5.0 
-80 
-200 
- 
na 


Latch Enable to Clock 
10 
-10 
-70 
- 
15 
0 
-50 
- 


Clock Pulae Width 
2a 
tWH(el) 
5.0 
550 
275 
- 
n. 
10 
200 
100 
- 
15 
150 
75 
- 


Reset Pulse Width 
2b 
IWH(R) 
5.0 
1200 
800 
- 
na 
10 
600 
300 
- 
15 
450 
225 
- 


Aeaet Removal Time 
- 
'rem 
5.0 
-60 
-180 
- 
na 
10 
0 
-50 
- 
15 
20 
-30 
- 


Input Clock Frequency 
2a 
lei 
5.0 
- 
1.5 
0.9 
MHz 
10 
- 
5.0 
2.5 
15 
- 
7.0 
3.5 


Input Clock Aia. 
Time 
2b 
tTLH 
5.0 
No 
na 
10 
Limit 
15 


SCan Oscillator 
Frequency 
1 
'oae 
5.0 
- 
1.5/C1 
- 
Hz 
(C1 measured 
In ""F) 
10 
- 
4.2/Cl 
- 
15 
- 
7.0/Cl 
- 
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The MC14553B three·digit counter. shown in Figure 3, 


consists of 
three negative edge·triggered BCD counters 
which arecascadedin a synchronous fashion. A quad latch 
at the output of each of the three BCD counters permits 
storageof any givencount. The three setsof BCD outputs 
(active hig,). 
after going through the latches. are time 
division multiplexed. providing one BCD number or digit 
at a time. Digit select outputs (active low) are provided 
for display control. All outputs are TTL compatible. 


An on-chip oscillator provides the low frequency scan· 


ning clock which drives the multiplexer output selector. 
The frequency of 
the oscillator can be controlled ex· 


ternally by a capacitor between pins 3 and 4. or it can be 
overridden and driven with an external clock at pin 4. 
Multiple 
devices can be cascaded using the overflow 
output, which providesone pulsefor every 1000 counts. 


The Master Resetinput, when taken high, initializes the 
three BCD counters and the multiplexer scanning circuit. 
While Master Reset is high the digit scanner is set to digit 
one; but all 
three digit select outputs are disabled to, 


prolong display life. and the scan oscillator is inhibited. 
The Disable input. when high, prevents the input clock 
from reaching the counters, while stiII retaining the last 
count. A pulse shaping circuit at the clock input permits 
the counters to continue operating on input pulseswith 
very slow rise times. Information 
present in the counters 
when the latch input 
goes hiqh, will 
be stored in the 


latches and will be retained while the latch input is high. in- 


dependent 
of other 
inputs. 
Information 
can be recovered 
from 


the latches 
after 
the counters 
have been reset 
if Latch 
Enable 


remains 
high during 
the entire 
reset cycle. 


Clock 
12 


00 
Pulse 
e 
01 
Shap_ 
02 
R 
-;'1003 
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00 
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® MOTOROLA 


The MC14554B 2 x 2·bit parallel binary multiplier 
is constructed 


with complementary MOS (CMOS) enhancement mode devices.The 
multiplier 
can perform 
the multiplication 
of two binary numbers 


and simultaneously add two other binary numbers to the product. 
The MC14554B has two multiplicand 
inputs (XO and X I), two mul- 


tiplier 
inputs (YO and Yl). 
five cascading or adding inputs (KO, K I, 


MO, M I, and M2). and five sum and carry outputs (SO,5 I, 52, C1 
[531, and CO). The basic multiplier can be expanded into a straight· 
forward 
m·bit by n·bit parallel multiplier 
without 
additional 
logic 
elements. 


Application 
areas include 
arithmetic 
processing (multiplying/ 


adding, obtaining 
square roots, polynomial 
evaluation, obtaining 
reciprocals, and dividing), Fast Fourier Transform processing,digital 
filtering, communications 
(convolution 
and correlation). 
and pro- 
cess and machine controls. 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 
• 
Straight·forward m-Bit By n·Bit Expansion 
• 
No Additional 
Logic Elements Needed for Expansion 


• 
Multiplies and Adds Simultaneously 


• 
Positive Logic Design 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Per.meter 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
'out 
Input or Output Current (DC or Transient), per Pin 
""0 
mA 
Po 
Power Dissipation. 
per Packaget 
500 
mW 


T.tn 
Storage Temperature 
-65 
to + 150 
·C 
h 
lead 
Temperature 
(S·Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: - 12mWrC 
from 65°C to 8SoC 


Ceramic 
"L" 
Package: 
-12mW/oC 
from 
tOO°C 
10 125°C 


2-BIT BY 2-BIT PARALLEL 
BINARY 
MULTIPLIER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 
CASE 6.8 


C Series: 
- 40°C 
to 
+ 85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


This device 
contains 
protection 
circuitry 
to 
guard against damage due to high static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must 
be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages to this high·impedance 
circuit. 
For 


proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to the 
range 
VSS 
=s;; 
(Vin 
or 
Vout) '" VOO· 
Unused 
inputs 
must always 
be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unused outputs must be left open. 


S"'IXxYI+K+M 
Where: 
)( Means Arithmetic 
Times. 


+ Means Arithmetic 
Plus. 


S: S3S2S1SO,X: 
X1XO,Y : Y1YO, 
K z: K 1 KO. M = Ml 
MO (Binary Numbers). 


Example: 


Given: 
X = 2(101.y. 3(111 
K = 11011,M = 21101 


S = (2 x 31 + 1 + 2 = 9 
S= 110x 111+01 + 10= 1001 


Voo 
T1ow• 
25°C 
Th, 
h- 


Characteristic 
Symbol 
Vdc 
Min 
M •• 
Min 
Typ ••• 
M •• 
Mtn 
M •• 
Unit 


OutPUI 
Vollage 
"0" 
Level 
VOL 
50 
- 
005 
- 
0 
0.05 
- 
0.05 
Velc 


Vin 
"" VOO 
or 0 
10 
- 
0.05 
- 
0 
005 
- 
0.05 


15 
- 
0.05 
- 
0 
005 
_. 
0.05 


"1" 
Level 
VOH 
50 
495 
-- 
495 
50 
495 
- 
Vue 


Vin 
"" 0 or VOD 
10 
995 
- 
995 
10 
995 
15 
1495 
- 
1495 
15 
14.95 


Input 
Voltage 
"0" level 
VIL 
Vetc 


(Vo 
"" 4.5 
or 0.5 
Vdc) 
50 
- 
15 
225 
15 
- 
15 


(Vo 
= 9.0 
or 
1.0 
Vdc) 
10 
- 
3.0 
4.50 
30 
30 


(VO = 
13.5 
or 
1.5 
Vdc) 
15 
- 
4.0 
6 75 
40 
- 
40 


"," 
Level 
VIH 
(VO = 0.50,4.5 
Vdcl 
50 
35 
35 
2.75 
.. 
3.5 
- 
Vdc 


(VO = 1.0 or 9 0 Vdcl 
10 
70 
- 
7.0 
550 
- 
70 
- 


1VO= 1 50r 
135 Vdcl 
15 
110 
- 
110 
825 
- 
11.0 
- 


Output 
Drive 
Current 
fAL 
Device) 
IOH 
mAde 
1VOH = 2 5 Vdcl 
Source 
50 
-3.0 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH = 46 
Vdcl 
50 
-0.64 
-0.51 
-0.88 
- 
-0.36 
-- 


IVOH 
= 9 5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
-- 


(VOH = 13.5 Vdcl 
15 
-4.2 
-- 
-3.4 
-88 
-- 
-2.4 


(VOL =04 
Vdcl 
Sink 
'OL 
50 
064 
- 
051 
088 
- 
036 
- 
mAde 
(VOL =05 
Vdcl 
10 
16 
- 
13 
225 
09 
- 


1VOL = 15 Vdcl 
15 
42 
- 
34 
88 
- 
24 


Output 
Drive 
Current 
fCL/CP 
DeVice) 
'OH 
mAde 


(VOH = 2.5 Vdc) 
Source 
5.0 
-2.5 
-2.1 
-4.2 
-1.7 
(VOH = 4.6 Vdc) 
50 
-0.52 
-0.44 
-0.88 
-0.36 
- 


1VOH =9.5 
Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
-0.9 


(VOH 
= 13.5 
Vdc.l 
15 
-3.6 
- 
-30 
-8.8 
- 
-2.4 
- 


(VOL 
=0.4 
Vdc) 
Sink 
'OL 
50 
052 
0.44 
088 
0.36 
- 
mAne 
(VOL =05 
Vdcl 
10 
13 
11 
2.25 
09 
- 
(VOL = 15 Vdcl 
15 
36 
- 
30 
8.8 
- 
24 


Inpul Current 
(AL 
Oe\lIcel 
I," 
15 
- 
±O 
1 
- 
::!:O.OOOO1 
000.1 
- 
~ 10 
~Adc 


Input 
Current 
(CLlCP 
DeVice) 
'on 
15 
• 0 3 
- 
000.00001 
~03 
- 
",0 
~Adc 


Inpu I CapacItance 
C," 
- 
- 
- 
- 
50 
7.5 
- 
- 
pF 


(V In 
01 


QUIescent 
CUrleo! 
(AL 
DeVice) 
'DO 
50 
- 
50 
- 
0.005 
50 
- 
150 
.uArlL 


!per 
Packagel 
10 
- 
10 
- 
0010 
10 
- 
300 
15 
- 
20 
- 
Om5 
20 
- 
600 


QUiescent 
CUrlent 
tCt./CP 
DeVIce) 
'00 
50 
20 
- 
0.005 
20 
- 
150 
~A<lc 


(Pel 
Pitckagel 
10 
40 
- 
0.010 
40 
- 
300 


15 
80 
0015 
80 
- 
600 


Totar 
SUpply 
CUHent' 
• t 
IT 
50 
'T= 
(1.0"A/kHz)f+ 
'00 
/JAde 


(DynamiC 
plus 
OUlescent. 
10 
'T = (2.0 "A/kHz) 
f + '00 
Per 
Packaqc) 
15 
'T 
= (3.0 "AikHz) 
f • 'DO 


ICL 
~O pF 
on 
all outputs, 
all 


buffers 
sWitching' 


"The 
formulas 
given are tor the typical characteristIcs 
only at 25"C 


tTo calculate 
total supply current at toads other than 50 pF: 


• 


Ch.raeteristic 
Symbol 
VOO 
Min 
Typlf 
Mo. 
Unli 


Output Rise and Fall Time 
'TLH. 
n. 
tTLH. tTHL - 
(1.5 ns/pF) CL + 25 ns 
tTHL 
5.0 
- 
100 
200 


'TLH. 'THL 
- 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 


'TLH. 'THL 
- 
(0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


ProPagation 
Delay Time 
tPLH. 
n. 


KO to CO 
tpHL 
tPLH. tpHL' 
11.7 ns/pF) CL + 185 ns 
5.0 
- 
270 
675 


tPLH. tPHL 
= (0.66 ns/pF) CL + 82 n. 
10 
- 
115 
290 


tPLH. tpHL 
- (0.5 ns/pF I CL + 60 n. 
15 
- 
85 
215 
MO to 52 
tPLH. tPHL 
= 11.7 n./pF) 
CL + 595 n. 
5.0 
- 
680 
1700 


tPLH. tPHL • 10.66 ns/pFI CL + 247 ns 
10 
- 
280 
750 


tPLH 
tPHL' 
(0.5 n./pF) 
CL + 185 ns 
15 
- 
210 
570 


For 
KG to 
CO: 
Input' 
XO. )(1, 
YO. Yl, 
Kl. 
and 
M210w, 
and 
inputs 
MO and 
Ml 
high. 


For MO to 52: 


Inputs 
Xl. 
Yl. 
and 
KQ low, and 
inputs 
XO. YO. 


Kl, 
Ml.andM2hlgh. 


Y In-1) 


M(n-2) 


Mln-1) 


Yln-2) 
XO 


Xl 


Yln-2) 


X2 


X3 


, 


:::~L 


X(m-1);- 


Y and M 
••• 


Yl 
Y' 
VOO 


MO 
MO 
YO 
yo 


Ml 
Ml 
XO 
XO 


CO 
Xl 
Xl 


M2 
KO 
KO 


Cl 
50 


52 
Kl 
Kl 


V55 
51 ---I 


Yl 
yo 


X2 
X and K 


X3 
• 


K2 


---~ 
I 


K3 


---l 
I 


YO 


-X(m-2) 


X(m-1) 
I 


K(m·2) 
I 
jj 


K(m·1) 
, 
+ 
S (m.') 
S(m) 
S(m-1) 
53 
51 


5(m-2) 
52 
50 


S • Sim • n-1) S(m. 
n-2) - - ·5251 
50 
X· 
Xlm-1) 
X (m-2) 
- _. X2 X1 
XO. y. 
Y(n-" 
Y(n-2) 
- - - v2 
V1 
yo 


K· 
K(m-1) 
K(m-2) 
- - - K2 K1 KO and M· 
M(n-1) 
M(n-2) 
- - - M2 M1 MO 
IBin.ry 
Numbers). 
• 


• 


@MOTOROLA 


DUAL 
BINARY 
TO 1-0F-4 
DECODER/DEMULTIPLEXER 


The 
MC14555B 
and 
MC14556B 
are 
constructed 
with 
comple- 


mentary 
MOS 
(CMOS) 
enhancement 
mode 
devices. 
Each 
Decoderl 


Demultiplexer 
has two 
select 
inputs 
(A and B). an active 
low 
Enable 


input 
(E). 
and 
lour 
mutually 
exclusive 
outputs 
(00, 
01, 
02, 
03). 


The 
MC14555B 
has the 
selected 
output 
go to 
the 
"high" 
state, 
and 


the 
MC14556B 
has the 
selected 
output 
go to 
the 
"low" 
state. 
Ex· 


panded 
decoding 
such 
as binary-to-hexadecimal 
(1-01-16), 
etc., 
can 


be achieved 
Q)( using 
other 
MC14555B 
or MC14556B 
devices. 


Applications 
include 
code 
conversion, 
address 
decoding, 
memory 


selection 
control, 
and 
demultiplexing 
(using 
the 
Enable 
input 
as a 


data 
input) 
in 
digital 
data 
transmission 
systems. 


• 
Diode 
Protection 
on All 
Inputs 


• 
Active 
High 
or Active 
Low 
Outputs 


• 
Expandable 


• 
Supply 
Voltage 
Range = 3.0 Vdc 
to 
18 Vdc 


• 
All 
Outputs 
Buffered 


• 
Capable 
of Driving 
Two 
Low-Power 
TTL 
Loads 
or One 
Low-Power 


Schottky 
TTL 
Load 
Over 
the 
Rated 
Temperature 
Range 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to 
+ 18.0 
V 


Vin, Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
"'10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 to + 150 
°C 


TL 
Lead Temperature (a-Second Soldering) 
260 
°C 


*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: 
- 12mW/oC from 65'"C to 85'"C 
Ceramic "l" 
Package: -12mWrC 
from 1000e to 125°C 


MC14555B 
MC14556B 


A 
00 
4 
A 
00 
• 
01 
5 
01 
5 
3 
B 
3 
B 
02 
6 
02 
6 
E 
7 
03 
03 


1. 
A 
00 
12 
1. 
00 
12 


B 
01 
11 
01 
11 
13 
13 
02 
10 
02 
10 
15 
03 
9 
15 
03 
9 


MC14555B 
MC14556B 


DUAL 
BINARY 
TO 1-0F-4 
DECODER/DEMUL 
TIPLEXER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFtX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C 
to + 85°C 


MC14XXXBCP 
(Plastic 
Package) 
MC14XXXBCL 
(Ceramic 
Package) 


TRUTH 
TABLE 


INPUTS 
OUTPUTS 
OUTPUTS 
ENABLE 
SELECT 
MC14555B 
MC14556B 


E 
B 
A 
03 02 01 00 03 02 01 00 


0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
0 
0 
0 
I 
0 
0 
1 
0 
1 
1 
0 
1 


0 
1 
0 
0 
1 
0 
0 
1 
0 
1 
1 


0 
1 
1 
I 
0 
0 
0 
0 
1 
1 
1 


1 
X 
X 
0 
0 
0 
0 
1 
1 
I 
1 


X 
= 
Don't 
Care 


This device 
contains 
protection 
circuitry 
to 
guard against 
damage 
due to high static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
:=s;; 
(Vin 
or 
I 


Vout) 
'" 
VOO· 
Unused 
inputs 
must always 
be tied to an ap- 
propriate 
logic voltage 
level 
(e.g., 
either 
VSS 
or VOO)' 
Unused 
outputs 
must 
be left open. 


Voo 
T10w . 
25°C 
Th· h' 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin = 
VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


.,," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage 
"0" level 
VIL 
Vdc 
(VO - 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO - 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
::II: 
13.5 
or 1.5 
Vdc) 
", .. Level 
15 
- 
40 
- 
6.75 
4.0 
- 
4.0 


VIH 
Vdc 
(VO - 0.5 or 4.5 Vdcl 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
- 


,YO - 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Vo= 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive Current 
IAL Device) 
10H 
mAde 


IVOH - 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
_. 
-1.7 
- 
IVOH _ 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH _ 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH - 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


IVOL - 0.5 Vdc) 
10 
1.6 
- 
1.3 
225 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
ICLlCP 
DeVice) 
10H 
mAde 
1VOH = 2.5 Vdc} 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH - 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


IVOH = 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL - 0.4 Vdcl 
Sink 
tOL 
5.0 
0.52 
- 
044 
0.88 
- 
0.36 
- 
mAde 
IVOL - 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL - 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAl 
DeVice) 
lin 
15 
!:O 
1 
'000001 
101 
.110 
#lAde 


Input 
Current 
(CLlCP 
DeVice) 
I,n 
15 
'03 
. 
'000001 
'03 
- 
'1 
0 
IJAdc 


Input 
Capacitance 
C,n 
- 
- 
- 
50 
7.5 
- 
pF 


{Vin 
=01 


QUiescent 
Current 
(AL 
Devlcel 
'DO 
50 
5.0 
0.005 
50 
150 
IJAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVice) 
too 
50 
- 
20 
- 
0.005 
20 
- 
150 
/JAde 


(Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.Q15 
80 
- 
600 
Total 
Supply 
Current·· 
t 
IT 
5.0 
IT = 10.85 ~A/kHzl 
f + 'DO 
J,lAdc 


(Dynamic 
plus 
QUiescent, 
10 
IT = 11.7 ~A/kHzl 
f + 
'DO 
Per 
Package) 
15 
IT' 
12.6 ~A/kHz) 
f + 
100 
(CL = 50 pF on all outputs, 
all 


buffers 
sWitching) 


16 
16 
2 
15 
2 
15 
3 
14 
3 
14 
4 
13 
4 
13 
5 
12 
5 
12 
6 
11 
6 
11 


10 
10 
8 
9 
8 
9 


Ch.recteristic 
Symbol 
VOO 
Min 
Typ# 
Mo" 
Unit 


Output Aise and Fall Time 
ITLH. 
ns 
lTLH. ITHL - 
(1.5 ne/pF) 
CL + 25 ne 
lTHL 
5.0 
- 
100 
200 
ITLH. lTHL = (0.75 ne/pF) 
CL + 12.5 ne 
10 
- 
50 
100 


ITLH. lTHL = (0.55 ne/pF) 
CL. + 9.5 ne 
15 
- 
40 
10 


Propagation 
Delay Time 
- 
A. B to Output 
lpLH. 
ns 


tPLH. lPHL' 
(1.7 ns/pFI 
CL + 135 ns 
lPHL 
5.0 
- 
220 
440 


tPLH. lPHL = (0.66 ns/pFI 
CL + 62 ns 
10 
- 
9S 
190 


tPLH. lPHL = (0.5 ns/pFI 
CL + 45 ns 
15 
- 
70 
140 


Propagation 
Delay Time 
- 
E to Output 
tPLH. 
ns 


tPLH. tPHL = (1.7 ns/pfl 
CL + 115 ns 
tpHL 
5.0 
- 
200 
400 


tPLH. lpHL 
• (0.66 ns/pFI 
CL + 52 ns 
10 
- 
85 
170 
lPLH 
tPHL' 
(0.5 ns/pFI 
CL + 40 ns 
15 
- 
6S 
130 


/\---------- 
VOH 


OutPut0,--1 
\----------VOL 


LOGIC 
DIAGRAM 
(1/2 of Dual) 


® MOTOROLA 


The 
MC14557B 
is a static 
clocked 
serial 
shift 
register 
whose 
length 


may be programmed 
to be any 
number 
of 
bits 
between 
1 and 64. 
The 
number 
of bits selected 
is equal 
to the sum of the subscripts 
of the 


enabled 
Length 
Control 
inputs 
(L 1, L2, 
L4, 
LB, 
L 16, and 
L321 
plus 


one. 
Serial 
data 
may 
be selected 
from 
the 
A or 
B data 
inputs 
with 


the A/B 
select 
input. 
This feature 
is useful 
for 
recirculation 
purposes. 


A Clock 
Enable 
(CEI 
Input 
is provided 
to 
allow 
gating 
of 
the clock 
or negative 
edge 
clocking 
capability. 


The 
deVIce 
can 
be effectively 
used 
for 
variable 
digital 
delay 
lines 


or 
simply 
to 
implement 
odd 
length 
shift 
registers. 


• 
1·64 
Bit 
Programmable 
Length 


• 
Q and Q Se"al 
Buffered 
Outputs 
• 
Asynchronous 
Master 
Reset 


• 
All 
Inputs 
Buffered 


• 
No 
limit 
On Clock 
Rise and 
Fall 
Times 


• 
Supply 
Voltage 
Range 
= 3.0 Vdc 
to 
1B Vdc 


• 
Capable 
of Driving 
Two 
Low-power 
TIl 
loads 
or one 
Low- 
power 
Schottky 
TTl 
load 
Over 
the 
Rated 
Temperature 
Range 


Symbol 
Paramat.r 
Value 
Unit 


VOO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin, 
'out 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
±10 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tstn 
Storage Temperature 
-65 
to + 150 
°C 
h 
Lead Temperature (a-Second Soldering) 
260 
°C 


'"Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: -12mWrC 
from 65°C to 85°C 
Ceramic "L" Package: - 12mW/oC from 100°C 10 125°C 


L32 
L16 
La 
L4 
12 
Ll 
Register 
Length 


0 
0 
0 
0 
0 
0 
'·Blt 
0 
0 
0 
0 
0 
1 
2·8its 
0 
0 
0 
O· 
1 
0 
J-Bns 
0 
0 
0 
0 
1 
1 
4·Biu 
0 
0 
0 
1 
0 
0 
5·Bits 
0 
0 
0 
1 
0 
1 
6 Bits 


1 
0 
0 
0 
0 
0 
JJ Bits 


1 
0 
0 
0 
0 
1 
34·8its 


1 
1 
1 
1 
0 
0 
61·Blts 
, 
1 
, 
, 
0 
, 
62·Bits 


1 
, 
1 
, 
1 
0 
63·Bits 


1 
1 
1 
, 
, 
1 
64·Bits 


'-TO-64 
BIT 
VARIABLE 
LENGTH 
SHIFT REGISTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40°C to + 85°C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Reset 


Clock 
cr 


B 
Q 
'0 
A 


A/B 
Select 


L1 
L2 
L4 
Q 
" 
LB 
L16 
L32 


Inputs 
Output 


Ast 
AIB 
Clock 
CE 
a 


0 
0 -r 
0 
B 
0 
1 -r 
0 
A 
0 
0 
, "'- 
B 
0 
1 
, '- 
A 


1 
X 
X 
X 
0 


Q is the 
output 
of the 
first 
selected 


shih 
register 
stage. 
X = Don't 
C.re. 
• 


• 


Voo 
Tlow. 
2SoC 
Thi h- 


Ch.racteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ# 
Max 
Min 
M •• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


vin 
- 
Voo 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vi" 
- 
OorVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage: 
"0" 
Level 
VIL 
Vdc 


(VO 
0 4.50< 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO 
0 '3.50".5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 
(VO • 0.5 0' 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO ~ 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(VO' 
1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
IAL 
DeVice) 
10H 
mAde 
(VOH • 2.5 Vdcl 
Source 
50 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-Q.51 
-0.88 
- 
-0.36 
- 


{VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


IVOH· 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL· 
0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
225 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
DrlW 
Current 
(CUep Oevlcfd 
10H 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
-1. 
7 
- 


(VOH ·4.6 
Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH • 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-09 
- 


(VOH • 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
.. 


Input 
Current 
IAl DeVice) 
I,n 
15 
- 
'01 
- 
!O 00001 
'01 
- 
'10 
#Adc 


Input 
Current 
(CUe? 
Device) 
I,n 
15 
- 
'03 
- 
to 00001 
, 0.3 
- 
'10 
#lAde 


Input Capacitance 
Con 
- 
- 
- 
_. 
50 
7.5 
- 
of 
(V1n 
= 01 


Quiescent 
Current 
(AL 
DeVice) 
100 
50 
- 
50 
- 
0.010 
5.0 
- 
150 
/-lAde 


(Per 
Package) 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


QUIescent 
Current 
(CUe? 
Devlcel 
100 
50 
- 
50 
- 
0.010 
50 
- 
375 
,uAde 
(Per Packagel 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current·· 
t 
IT 
5.0 
'T' 
(1.75~A/kHz)' 
+ 
100 
I-lAdc 


(Dynamic 
plus 
Quiescenl, 
10 
IT' 
(3.5 ~A/kHzl 
f + 100 


Per 
Package 
I 
15 
IT 
0 (5.25 ~A/kHzl' 
+ 100 
(eL '"'50 
pF 
on all outputs, 
all 


buffers 
switching) 


ThiS device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this high-imped- 
ance circuit. 
For proper operation, 
Vln and Vout should 
be constrained 
to the range 
VSS 
"" (Vin or Vout) 
1!li; VOO. 


Unused 
inputs must always 
be tied to an appropriate 
logic voltage 
level (e.g., 
either VSS 
or VOO)' 
Unused 
outputs 
must 
be left open. 


Ch8r8cterlatlc 
Symbol 
VOO 
Mln 
Typ if 
Me. 
Unit 


Rise and Fall Time. a or Q Output 
ITlH. 
ns 


tTlH. 
ITHl - (1.5 ns/pF) 
Cl + 25 ns 
ITHl 
5 
- 
100 
200 
tTlH. 
tTHl ~ (0.75 
ns/pF) 
Cl + 12.5 ns 
10 
- 
50 
100 
tTLH. tTHL = (0.55 nsJpF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay, Clock or CE to Q or a 
tplH· 
ns 


tpLH. tpHL = (1.7 nsJpF) CL + 215 ns 
tpHl 
5 
- 
300 
600 
tPLH. tPHL = (0.66 nsJpF) CL + 97 ns 
10 
- 
130 
260 
tPLH, tPHL = (0.5 nsJpF) CL + 65 ns 
15 
- 
90 
180 


Propagation Delay, Reset to Q or a 
tpLH. 
ns 


IplH. 
IpHl 
~ (1.7 ns/pF) Cl 
+ 215 ns 
IPHl 
5 
- 
300 
600 
tplH. 
IpHl 
~ (0.66 
ns/pF) 
Cl 
+ 97 ns 
10 
- 
130 
260 


tpLH. tpHL = (0.5 nsJpF) CL + 70 ns 
15 
- 
95 
190 


Pulse Width, Clock 
tWH(el) 
5 
200 
95 
- 
ns 
10 
100 
45 
- 
15 
75 
35 
- 


Pulse Width, Reset 
IWH(rst) 
5 
300 
150 
- 
ns 


10 
140 
70 
- 
15 
100 
50 
- 


Clock Frequency (50% Duty Cycle) 
lei 
5 
- 
3.0 
1.7 
MHz 


10 
- 
7.5 
5.0 
15 
- 
13.0 
6.7 


Setup Time, A or B to Clock or CE 
'su 
ns 


Worst case condition: L1 ~l2-l4-l8~ 
5 
700 
350 
- 
U6 ~ l32 = VSS IRegiS1erleng1h = 1) 
10 
290 
130 
- 


15 
145 
85 
- 


Best case condition: L32 = VDD, L1 through L16 
5 
400 
45 
- 
= Don't Care (Any register length from 33 to 64) 
10 
165 
5 
- 
15 
60 
0 
- 


Hold Time, Clock or CE to A or B 
'h 
ns 
Best case condition: Lt = L2 = L4 = La = Lt 6 = 
5 
200 
-150 
.- 
l32 ~ VSS IRegiS1erleng1h = 11 
10 
100 
-60 
- 
15 
10 
-50 
- 


Worst case condition: L32 = VDD, L1 through L16 
5 
400 
50 
- 


= Don't Care (Any register length from 33 to 64) 
10 
185 
25 
- 
15 
85 
22 
- 


Rise and Fall Time, Clock 
'r. 
5 
- 
'f 
10 
No Limit 


15 


Rise and Fall Time, Reset or CE 
tr• 
5 
- 
- 
15 
"s 
tf 
10 
- 
- 
5 
15 
- 
- 
4 


Removal Time, Reset to Clock or CE 
trem 
5 
160 
80 
- 
ns 
10 
80 
40 
- 
15 
70 
35 
- 


·The formulas 
given are for the typical 
characteristics 
only at 25°C. 


#Oata 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 
intended 
as an indication 
of the Ie's 
potential 
performance. 


1 bit length' 
a 


CE' 0 


Ale 
= t 
tpLH 


L 1 '"' L2'= 
L4:'o La"- 
L 16.: 
L32 ''':0 


I 


@MOTOROLA 


The MC14560B adds two 4·bit numbers in NBCD (natural binary 
coded decimal) format, resulting in sum and carry outputs in NBCD 
code. 
This device can also subtract when one set of inputs is comple· 


mented with a g's Complementer (MC14561BI. 


All 
inputs and outputs are active high. The carry input for the 
leastsignificant digit is connected to Vss for no carry in. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Parameter 
Value 
Unit 


VDD 
DC 
Supply 
Voltage 
-0510+180 
V 


Vm· 
Voul 
Input 
or Output 
VOltage 
(DC 
or 
Transient) 
- 
0510 
VOD 
+05 
V 


1m_ lout 
Input 
or Output 
Current 
(DC 
or Transient). 
per 
Pin 
=10 
mA 


PD 
Power 
DISSipation, 
per Packaget 
500 
mW 


Tsta 
Storage 
Temperature 
-65 
to ..,..150 
·C 


TL 
Lead 
Temperature 
(B·Second 
Soldering) 
260 
·C 


"MaXimum 
Ratings 
are 
those 
values 
beyond 
whIch 
damage 
to the 
device 
md~' occur 


tTemperalure 
Derating 
PlastIC 
"p" 
PacKage 
- 
12mW/oC 
from 
65°C 
to 85°C 


CeramIC' 
L" 
Package 
- 12mW/oC 
from' 
ao·e to 
125°C 


INPUT 
OUTPUT 


A4 
A3 
A2 
Al 
B4 
B3 
B2 
Bl 
C,n 
CaUl 
54 
53 
52 
51 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
1 


0 
1 
0 
0 
0 
0 
1 
1 
0 
0 
0 
1 
1 
1 


0 
1 
0 
0 
0 
0 
1 
1 
1 
0 
1 
0 
0 
0 


0 
1 
1 
1 
0 
1 
0 
0 
0 
1 
0 
0 
0 
1 


0 
1 
1 
1 
0 
1 
0 
0 
1 
1 
0 
0 
1 
0 


I 
0 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
1 


0 
1 
1 
0 
1 
0 
0 
0 
0 
1 
0 
1 
0 
0 


1 
0 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
0 
1 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to 
high static voltages 
or electric 
fields. 
However, precautions 
must be taken 
to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to 
this high-impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be 
constrained 
to the range VSS 
.:l!i (Vin or Vout) 
.:l!i VOO' 


Unused 
inputs 
must always 
be tied 
to an appropriate 
logic 
voltage 
level 
(e.g., either VSS or VOO). Unused outputs must be left open. 


-- 


r 
'i 
U 


16 
1 ! 
J 
I 
16 
1 
' 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 
• 


Yoo 
Tlow· 
25°C 
Thi h- 
Charect.,istic 
Symbol 
Ydc 
Min 
Max 
Min 
Typ" 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V," - 
VOO or 0 
W 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Inpul 
Voltage 
"0" 
Level 
V,l 
Vdc 


1VO 
4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
2.25 
1.5 
- 
1.5 


(VO 
" 9.00< 
1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


1VO' 
13.5 or 1.5 Vdcl 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
V,H 
1VO' 
0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1VO' 
1 5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Devlcel 
'OH 
mAde 


(VOH 
' 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1. 
7 
- 


(VOH 
' 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-036 
- 
1VOH 
' 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-34 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'Ol 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOl 
' 0.5 Ydcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


1VOl' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
DrIve Current 
(CLlCP 
Device) 
'OH 
mAde 


1VOH 
' 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-036 
- 
{VOH 
• 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


1VOl 
• 0.4 Vdcl 
Sink 
'Ol 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input 
Current 
IAl 
Device) 
lin 
15 
- 
to' 
- 
to.OOOOl 
to.l 
- 
t 1.0 
JiAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
to.3 
- 
to.OOOOl 
to.3 
- 
± 1.0 
/JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


IVtn 
- OJ 


QUiescent 
Current 
IAL DeVice) 
100 
5.0 
50 
0.005 
5.0 
150 
.uAdc 
(Per Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
.uAdc 


!Per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 
Total Supply 
Current·· 
t 
IT 
5.0 
'T = 11.68 ~AlkHzll 
+ '00 
",Adc 
(DynamiC 
plus Ouiescent, 
10 
'T' 
(3.35 ~AlkHzll 
+ IDO 


Per 
Package) 
15 
'T' 
15.03 ~A/kHzll 
+ 100 
tel'" 
50 pF on all outputs, 
all 


buffers 
sWItching) 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


7 
10 


8 
9 


SWITCHING CHARACTERISTICS· 
ICL· 
50 pF. TA· 
250CI 


-------~~~--·_-----pS·IVT~LboH,IVC 
VOO 


Output 
Rise 
and 
Fall 
Time 
~ 


ITLH. 
tTHL 
::::(1.5 
nS/pF) 
CL + 
25 ns 
tTHL 
I 
50 


'TLH· 
tTHL 
:::: (0.75 
ns/pF) 
CL 
+ 
12.5 
ns -J 
I 
1105 
ITlH. tTHl 
= (0.55 nS/pF) Cl 
+ 9.5 ns 


Propagation 
Delay 
Time 
tPLH, 
I 
ns 


AorBtoS 
i 
tPHL 
I 
I Jj 
IPLH 
IpHL' 
11.7 ns/pFI 
CL + 665 ns 
I 
50 
i 
. 
'I 
750 
'I' 
2100 
: 


tPLH' tPHL • 10.66 ns/pFI 
CL + 297 ns 
, 
I 
~o 
'. 
330 
900 
I 


tPLH: tPHL ::::10.5 ns/pF) CL + 195 ns 
I. 
L 15 
~220 
I 
675 
I 


A or B to Cout 
I 
----r-- 
j 


tPLH, tPHL" 
11.7 ns/pFI 
CL + 565 ns 
I 
50 
• 
650 
1800,-+' 
~ns 


tPLH 
tPHL· 
10.66 ns/pFI 
Col + 197 ns 
I 
10 
I 
- 
I 
230 
600 


tPLH: 
tPHL 
- 
1O 5 ns/pF) 
CL 
.• 145 
ns 
~-~-L 
- 
170 
450 


C1n to Cout 
l 
I 


tPLH 
IPHL"117ns/pFICL+465ns 
50' 
550 
I 
1500 
I 
no 


I 
IPLH: tPHL" 
1066 ns/pFI 
CL + 187 ns 
II 
! 
10 
I 
220 
I 
600 
: 


he- 
tPLH, IPHL" 
~~5_ns/pFJ __=L + 135 ns__ 
._-+- __ .i 
15 
160 
i 
~ 
I 


Turn 
Off 
Delay 
TIme 
I 
tPLH 
r 
~ 


Cm 
to S 
1 
I 


Ip LH • 11 7 ns/pF I CL + 715 ns 
! 
5.0· 
800 
I 
2250 


IPLH " 1066 ns/pF I CL + 197 ns 
f" 
10 
I 
- 
350, 
975 
. 


TU;~~~~~;_~{~CL 
+ 215~s 
._____ 
IPHL 
15 
t---=--·t--~~-~-~.2:<J...- 
ns 


GIn 
to S 
I! 


tPHL" 
11 7 .s/pFJ 
CL + 565 ns 
5.0 
650 
1800 
IpHL" 
1066 ns/pFI 
CL + 197 ns 
10 
L' 
230 
600 
tPHL" 
1.o.5.ns/pFI .~.h!~~n_s 
.L 
15 
~ 
-'- __ 
'70 
450 


Min Rp# 
Unit 


ns 
100 


I 
50 
40 


;--\-VOH 


Any 
Output -.l 
L- 


VOL 


Duty 
Cv cte 
'" 50"," 
Atl outputs 
connected 
to respective 
CL 
loads 


f 
= System clock frequencv 
II 


Cin 7 


Al'5 


..{ 


Al 
FI 
MC1.S60B 
A2 


A3 
F2 
Cin 
51 


) 
OM' 


A4 
Al 


Comp 
F3 
A2 
52 


Comp 
A3 


Z 
F4 
A4 
53 


8'{ 


8. 


82 
54 


83 


B4 
Cout 


MC14S618 
..,{ 


Al 
FI 
MC14560B 
A2 


A3 
F2 
Cin 
51 


A4 
Al 


Comp 
F3 
A2 
52 


Comp 
A3 
Tens 


Z 
F4 
A4 
53 
.,,{ 


8' 


82 
54 


83 


84 
Coot 


One MC14560B 
and MC14561B 
permit 
a 
BCD digit to be added to or subtracted 
from 
a second 
digit, 
such as in this typical 
con- 


figuration. 
A 
second 
MC14561B 
permits 
either 
digit 
to 
be added 
to 
or subtracted 
from 
the other, 
or either word to appear un- 
modified 
at the output. 


Zero 
Add/Subtract 
Result 


0 
0 
B plusA 


0 
I 
8 minus 
A 


1 
X 
B 


INTRODUCTION 
Frequently in small digital systems, simple decimal 
arithmetic 
is performed. 
Decimal 
data 
enters 
and 
leaves the system arithmetic 
unit in a binary coded 
decimal 
(BCD) 
format. 
The adder/subtracter 
in the 
airthmetic unit may be required to accept sign as well 
as magnitude, 
and generate 
sign, 
magnitude, 
and 
overflow. In the past, it has been cumbersome to build 
sign and 
magnitude 
adder/subtracters. 
Now, 
using 
Motorola's MSI CMOS functions, 
the MC14560 NBCD 
Adders 
and 
MC14561 
9's 
Complementers, 
NBCD 
adder/subtracters 
may be built economically, 
with sur- 


prisingly low package count and moderate speed. 


Some background 
information 
on BCD arithmetic 
is 
presented 
here, 
followed 
by 
simple 
circuits 
for 
unsigned 
adder/subtracters. 
The 
final 
circuit 
dis- 
cussed is an adder/subtracter 
for signed numbers with 
complete overflow and sign correction 
logic. 


DECIMAL 
NUMBER 
REPRESENTATION 
Because logic elements are binary or two-state de- 


vices, decimal digits 
are generally 
represented 
as a 
group of bits in a weighted 
format. 
There are many 
possible binary codes which can be used to represent 
a decimal 
number. 
One of the most popular 
codes 
using 4 binary digits to represent 
0 thu 9 is Natural 
Binary Coded Decimal (NBCD or 6-4-2-1 code). 


NBCD is a weighted code. If a value of "0" or "1" is 
assigned 
to each 
of the 
bit 
positions, 
where 
the 


rightmost position is 20 and the leftmost is 23, and the 
values are summed 
for a given 
code, 
the result 
is 
equal to the decimal 
digit represented 
by the code. 


Thus, 0110 equals 0.23 + 1'22 + 1'2' + 0'20 = 4 + 
2 = 6. The 1010,1011,1100,1101,1110, 
and 1111 
binary codes are not used. Because of these illegal 
states, the addition and subtraction 
of NBCD numbers 


is more complex than similar calculations 
on straight 


binary numbers. 


ADDITION 
OF UNSIGNED 
NBCD NUMBERS 
When 2 NBCD digits, A and B, and a possible carry, 


C, are added, a total of 20 digit sums (A + B + C) are 
possible as shown in Table 1. 


The binary 
representations 
for the digit sums 
10 
thru 19 are offset by 6, the number of unused binary 
states, and are not correct. An algorithm for obtaining 
the correct sum is shown in Figure 1. A conventional 
method of implementing 
the BCD addition algorithm is 


shown in Figure 2(a) 
The NBCD digits, A and B, are 


summed 
by a 4 bit binary 
full adder. The resultant 


(sum and carry) is input to a binary/BCD 
code con- 
verter 
which 
generates 
the correct 
BCD code 
and 


carry. 


An NBCD adder block 
which performs 
the above 


function 
is 
available 
in 
a 
single 
CMOS 
package 


(MC14560). 
Figure 2(b) shows n decades 
cascaded 
for addition of n digit unsigned 
NBCD numbers. 
Add 
time is typically 
0.1 + 0.2n I-'-sfor n decades. 
When 


the carry out of the most significant decade is a logical 
"1", 
an overflow is indicated. 


COMPLEMENT 
ARITHMETIC 
Complement 
arithmetic 
is used in NBCD subtrac- 
tion. That is, the "complement" 
of the subtrahend 
is 
added to the minuend. 
The complementing 
process 
amounts to biasing the subtrahend such that all possi- 
ble sums are positive. Consider the subtraction 
of the 
NBCD numbers, A and B: 


where 
R is the result. 
Now bias both 
sides 
of the 
equation by 10N 
- 
1 where N is the number of digits 
in A and B. 


The term (10N 
- 
1 - 
B), -B 
biased by 10N 
- 
1, is 
known 
as the 
9's 
complement 
of 
B. When 
A>B, 


R + 10N 
- 
1 > 10N 
- 
1; thus R is a positive number. 


To obtain R, 1 is added to R + 10N 
- 
1, and the carry 
term, 10N, is dropped. The addition of 1 is called End 
Around Carry (EAC). 


When A < B, R + 
10N 
- 
1 < 10N 
- 1, no EAC 
results 
and 
R 
is 
a 
negative 
number 
biased 
by 
10N 
- 
1; thus R + 10N 
- 
1 is the 9's complement 
of 
R. 


SUBTRACTION 
OF UNSIGNED 
NBCD NUMBERS 
Nine's complement 
arithmetic 
requires 
an element 
to perform the complementing 
function. 
An NBCD 9's 
complementer 
may be implemented 
using a 4 bit bi- 


nary 
adder 
and 4 inverters, 
or with 
combinatorial 
logic. 
The Motorola 
MC14561 
9's complementer 
is 
available in a single package. It has true and inverted 
complement 
disable, 
which allow straight-through 
or 
complement 
modes of operation. 
A "zero" 
line forces 
the output to "0". 
Figure 3 shows an NBCD subtracter 
block using the MC14560 and MC14561. Also shown 
are 
n cascaded 
blocks 
for 
subtraction 
of 
n digit 
unsigned numbers. Subtract time is 0.6 + OAn I-'-sfor 
n stages. Underflow (borrow) is indicated 
by a logical 


"0" on the carry output of the most significant 
digit. A 


"0" carry also indicates that the difference 
is a nega- 
tive number in 9's complement 
form. If the result 
is 
input to a 9's complementer, 
as shown, and its mode 
controlled by the carry out of the most significant 
digit, 


the output 
of the complementer 
will 
be the correct 
negative 
magnitude. 
Note that 
the carry 
out of the 
most significant 
digit (MSD) is the input to carry in of 
the least 
significant 
digit 
(LSD). 
This 
End Around 
Carry is required 
because subtraction 
is done in 9's 
complement 
arithmetic. 


By controlling 
the complement 
and overflow 
logic 
with an add/subtract 
line, both addition 
and subtrac- 


tion are performed 
using the basic subtracter 
blocks 


(Figure 4). 


•• 


• 
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BiNlry Sums 
Nu•••••• 
BiNlry Sums 


0000 
0 
0000 
0001 
1 
0001 


0010 
2 
0010 


0011 
3 
0011 
0100 
4 
0100 


0101 
5 
0101 


0110 
6 
0110 
0111 
7 
0111 


1000 
8 
1000 
1001 
9 
1001 
....} 
10 
0000 
+ Carry 
1011 
11 
0001 
+ Carry 


1100 
Non valid 
12 
0010 
+ Carry 


1101 
BCD 
13 
0011 
+ Carry 
1110 
representation 
14 
0100 
+ Carry 
1111 
15 
0101 + Carry 


0000 
+ Carry 
16 
0110 + Carry 
O~ 
+ Corry 
17 
0111 
+ Carry 


0010 
+ Carry 
18 
1000 
+ Carry 
0011 + Carry 
19 
1001 + Carry 


6,941_ 
0110 


5,870_ 
0101 


~ 
4 B;t B;nO'y Adde,,_ 
~ 


Digit Binary Sums----" 
1011 


1100 
Q 


1 
0 0 
1 0 


ADDITION 
AND SUBTRACTION 
OF SIGNED 
NBCD 
NUMBERS 
Using MC14560 
NBCD Adders 
and MC14561 
9's 
Complementers, 
a sign 
and 
magnitude 
adder/sub- 
tracter can be configured 
(Figure 5), Inputs A and B 
are signed positive 
(AS, BS = "0") 
or negative 
(AS, 
BS = "1 "). B is added to or subtracted 
from A under 
control of an Add/Sub 
line (subtraction 
= "1 "). The 
result, R, of the operation 
is positive 
signed, 
positive 
signed 
with 
overflow, 
negative 
signed, 
or negative 
signed with overflow. Add/subtract 
time is typically 
0.6 
+ O.4n I'-S for n decades . 
An exclusive-OR 
of Add/Sub 
line and BS produces 
B', which 
controls 
the B complementers. 
II BS, the 
sign of B, is a logical 
"1" 
( B is negative) 
and the 
Add/Sub line is a "0" 
(add B to A), then the output of 
the exclusive-OR 
(BS') is a logical 
"1" and B is com- 
plemented. 
II BS = "1" 
and Add/Sub 
= "1", 
B is not 
complemented 
since subtracting 
a negative number is 
the same as adding a positive number. When Add/Sub 
is a "1" and BS = "0", 
BS' is a "1" 
and B is comple- 
mented. The A complementer 
is controlled 
by the A 
sign bit, AS. When AS 
"1", 
A is complemented. 


Hundreds 
Tens 
Units 


1001 
0100 
0001 


1000 
0111 
0000 


Adder 
Adder 0 


Gin 
0 
Cin 


0001 
lOll 
0001 


0010 
lOll 
0001 


Cin 
Cout 
Cin 
Cout 
Cin 
Cout 
MC14560 
MC14560 
MC14560 
'::' 


Cout 


Rl 
R2 
Rn 


~ 
A.,ult, 
A 


fa) MC1.S60 
Block Diegram 


The truth table and Karnaugh maps for sign, over- 
flow, and End Around 
Carry are shown in Figures 6 
and 7. Note the use of BS' from the exclusive-OR 
of 
Add/Sub and BS. BS' eliminates 
Add/Sub 
as a vari- 
able in the truth table. As an example of truth table 
generation, 
consider 
an n decade 
adder/subtracter 
where AS = "0", BS = "1 ", and Add/Sub 
= "0". B is 
in9'scompiementform,10N 
- 
1 - 
B. Thus A + (10N 


- 
1 - 
B) = 10N 
- 
1 + (A - 
B). There is no carry 
when A •• B, and the sign is negative (sign = "1 "). 
When AS and BS are opposite states and Add/Sub is 
a "0" 
(add mode), no overflow 
can occur (overflow 


= "0"). 
The other output states are determined 
in a 
similar manner (see Figure 6). 


From the Karnaugh 
maps it is apparent 
that End 
Around Carry is composed 
of the two symmetrical 
functions 
S2 and S3 of three variables with AS BS' 


Cout as the center of symmetry. This is the definition 
of the majority logic function M3(ABC). Similarly the 
Sign is composed of the symmetrical 
functions S2(3) 
and S3(3) but with the center of symmetry translated 


From 
Cout 
of Most 
SignifIcant 


Decade 


to ASBS' 
Couto This 
is equivalent 
to the majority 
function M3(ASBS' 
Cout). Further evaluation 
of the 
maps and truth table 
reveal 
that Overflow 
can be 
generated 
by 
the 
exclusive-OR 
function 
of 
End 
Around Carry and Carry Out. This analysis results in 
a minimum device count consisting of one exclusive- 
OR package and one dual Majority Logic package to 
implement 
BS', 
EAC, Sign and Overflow. The logic 
connections of these devices are shown in Figure 5. 


The output 
sign, 
RS, complements 
the result 
of 
the add/subtract 
operation 
when RS = "1". 
This is 
required 
because 
the adder 
performs 
9's comple- 
ment arithmetic. Complementing, 
when RS indicates 
the result is negative, 
restores 
sign and magnitude 
convention. 


Several variations of the adder/subtracter 
are pos- 
sible. For example, 
9's complement 
is available 
at 
the 
output 
of 
the 
NBCO 
adders, 
and 
output 
complementers 
are eliminated 
if sign and magnitude 
output is not required. 


lal 


Suic 
Subtracter 


Block 


"0" Indicat•• 
Underflow 
(Negatiye 
Result) 


lbl 
n-Oecade 
Subtract.r 


• 


SUMMARY 
The concepts 
of binary 
code 
representations 
for 
decimal 
numbers, 
addition, 
and 
complement 
sub- 
traction 
were 
discussed 
In detail. 
Using 
the 
basic 
Adder 
and 
Complementer 
MSI 
blocks, 
adder/sub- 
tracters 
for both signed and unsigned 
numbers 
were 
Illustrated 
with examples. 


C in 
B•• ic 
Cout 
Subtract 
C 
Block 
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AS 
A 
114 MC14070 
a 
as 
MS 
C 
Add/Sub 
0 


E 


MC14S30 
VDD 


A 


a 


C 
MS 


VDD 
0 


E 


-=- 


II 


Arithmetic 
Expr••• lon 
lor R' (R•• ult) 


INPUTS 
(N = Numb.r 
01 Digit., 
OUTPUTS 
10N = Modulue 
AS 
BS' 
Caul 
A, S, A ar. Po.llIv. 
End Around 
Corry IEAC) 
Sign of R 
Ov.rflow 


"1"· 
Nog 
"1"· 
Neg 
"I" 
= Corry 
Mtognltud•• ) 
"1"· 
EAC 
"1" 
• Negative 
"1" 
• Overllow 


No EAC ("0") 
because A is 
Since 
A and 8 are positi •••. 
e 
When C~ut • "0", 
there .s no cerry 
0 
0 
0 
R=A+B 
correct 
result. 
signed. R is positive signed 
(R < 10 
) and thus no overflOW 


1"0"1. 
1"0"1. 


When 
Cout" 
"''', 
there 
is a carry 
0 
0 
1 
(R ~ 10N) and thus overflow 
I"''') 


No EAC ("0") 
because 9's 
A 
"- B when 
Cout 
-= "0"; 


0 
, 
0 
R=A-B 
complement 
expression for 
thus sign of R must be 


=Aof'ON_l-BI 
R 
IS correct 
result. 
negative 
("''')' 


=A-B.l0N-l 
EAC 
•. "'" 
because 
ex- 
A> 
B when 
Cout 
E"'''; 


0 
1 
, 
pression for R is In error 
thus sign of A must be 
bV ,. 
positive 
("0"). 
There 
is ne"er 
an overflow 
when 


No EAC ("0") 
because 9's 
B ~ A when 
Cout 


z:: 
"0"; 
numbers of opposite 
Slon are added. 
, 
0 
0 
R=B-A 
complement 
expression for 
thus sign of R must be 


= B • I' ON - 1 - A I 
R IS correct 
result. 
negative ("'''). 


'" B - A + 
, ON 
- , 
EAC 
E 
"'" 
because ex- 
B > A when Cout = "'''; 


1 
0 
, 
preSSton for R is in error 
thus sign of R must be 
bv 1. 
positive 
("0"). 


EAC 
z "'" 
because g's 
Since A and B are negative 
When Cout •• "0", 
there IS no carry 
1 
, 
0 
R = - 
A - 
B 
COrT1Dlementexpression 
signed. R is negat1'o/esIgned 
IR < 10NI and IA • Bl > JON - , 


= (10N - 
1 - 
A) + 
tor 
R ISIn error by 1. 
1"1"1. 
indicating 
overflow 
("''')' 


(10N - 
1 - 
B) 
When Cout •. ,. l' 
, there ;s a carry 
, 
1 
, 
- - 
(A + B) • 2 X 10N - 
2 
(R ~ ,0N) 
and tA 
+ BI \:' 10:'\,1 
- 
, 


Indlcattng 
no overflo .•.••• 
1"0"1. 


INPUTS 
OUTPUTS 


AS 
BS' 
Cout 
EAC 
SGN 
OVF 


0 
0 
0 
0 
0 
0 


0 
, 
0 
0 
, 
0 
, 
0 
0 
0 
, 
0 
, 
, 
0 
, 
, 
, 


0 
0 
, 
0 
0 
, 


0 
, 
, 
, 
0 
0 
, 
0 
, 
, 
0 
0 
, 
, 
, 
, 
, 
0 


BS' 
- (Add/Sub10BS 
AS 
- Sign of A ("'" 
- Negative) 
BS 
- Sign of B ("'" 
- Negative) 
Cout - Adder Carry Out 


KARNALJGH MAPS 


End Around Carry 
Sign (SGN) 
Overflow (OVF) 


AS 
AS 
AS 


~ 


' 
: 
BS' W' 
: 
BS' 
~o 
~ 
as' 
Cout 
Cout 
Cout 
0' 
O· 
0 
, 
0 


O· 
0 
0' 
0 
0 


EAC - S2 (ASBS' CoutI + S3 (ASBS' CoutI 
- M3 (ASBS' Coutl 


SGN - S2 (ASBS' s,ut) 
+ S3 (ASBS' Coutl 
- Ma IASBS' Coutl 


HIE,: 
o 
o 
, 
o 
0 m 


o 
, 
, 
, 
, 


o 
0 m' 
° 
0 
, 
0 
o 
0 
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@MOTOROLA 


The 
MC14561 B 
g's 
compiementer 
is a companion 
to 
the 
MC14560B NBCD adder to allow BCD subtraction. A BCD number 
(B·4·2·1 code) is applied to the inputs (A 1 = 20, A2 = 21, A3 = 22, 
A4 = 23). If the complement control (Comp) is low, the BCD number 
appears at the outputs unmodified. The complement disable (Comp) 
allows the complement 
control 
to be gated, or an inverted control 
signal to be used. If the complement input is high and the disable 
input 
low, the g's coml'lement 
of the number is displayed at the 
outputs. 
The zero control 
(Zl, when high, forces the outputs low 
regardlessof the state of the other inputs. 


When the MC14561B is used to perform BCD subtraction in con· 


junction 
with the MC14560B NBCD adder, the complement control 
becomes an add/subtract control. 


• 
All Inputs Buffered 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 
• 
Capable of Driving Two Low-Power TTL Loads or One Low-Power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Per.met.r 
V.lue 
Unit 


VDD 
DC Supply Voltage 
- 0.5 to + 18.0 
V 


Vin. You' 
Input or Output Voltage (DC or Transient) 
- 0.5 to VDD .+ 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tato 
Storage Temperature 
-65 
to + 150 
'C 


TL 
Lead Temperature 
(a-Second 
Soldering) 
260 
'C 


"Maximum Ratings Bfe those values beyond which damage to the device may occur. 
tTempera'ure 
Derating: 
Plastic "p" 
Package: - 12mW'''C from 6S·C to 8S·C 
Ceramic "L" Package: - 12mW/oC from 100·C to 125°C 


z 
Comp Camp 
F1 
F2 
F3 
F4 
Modo 


0 
0 
0 


0 
0 
1 
A1 
A2 
A3 
A4 
Str.ight·through 


0 
1 
1 


0 
1 
0 
A1 
A2 
A2A3 
+ A2A3 
A2A3A4 
Compl.ment 


1 
X 
X 
0 
0 
0 
0 
Zero 


••••• 
L SUFFIX 


CERAMIC 
PACKAGE 


CASE 632 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 646 


C Series: 
- 40·C 
to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


14 


2 
13 


3 
12 


4 
11 


5 
10 


6 
9 
8 


NC 
= No Connection 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, precau- 


tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained to the range VSS '" 
(Vln or 
Vout) '" VOO' 
Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VDO)' Unused outputs must be left open. 


Voo 
T10w . 
25°C 
Thio', 
Ch~ract.,is'ic 
Symbol 
Vdc 
Min 
Ma. 
Min 
Typlf 
Max 
Min 
Ma. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
a 
0.05 
- 
0.05 
Vdc 


Vin 
= VOD 
or 0 
10 
-- 
0.05 
-- 
a 
0.05 
-- 
0.05 
15 
-- 
0.05 
-- 
a 
0.05 
-- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
-- 
4.95 
5.0 
-- 
4.95 
-- 
Vdc 


Vin = 0 or VOO 
10 
9.95 
-- 
9.95 
10 
-- 
9.95 
-- 


15 
14.95 
-- 
14.95 
15 
-- 
14.95 
-- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 


(Va - 
4.5 or 0.5 Vdc) 
5.0 
-- 
1.5 
2.25 
1.5 
-- 
1.5 


(Va - 
9.0 or 1.0 Vdc) 
10 
-- 
3.0 
- 
4.50 
3.0 
-- 
3.0 


(Va - 
13.5 or 1.5 Vdc) 
15 
-- 
4.0 
-- 
6.75 
40 
-- 
4.0 


"'" 
Level 
VIH 
(Va - 
0.5 or 4.5 Vdc) 
5.0 
3.5 
35 
2.75 
.- 
3.5 
-- 
Vdc 
(Va = 1.0 or 9.0 Vdc) 
10 
7.0 
-- 
7.0 
5.50 
-- 
7.0 
-- 


(Va = 1.5 or 13.5 Vdc) 
15 
11.0 
-- 
11.0 
8.25 
-- 
11.0 
-- 


Output 
Drive 
Current 
IAL 
Devlcel 
IOH 
mAde 
1VOH _ 2.5 Vdcl 
Source 
5.0 
-3.0 
-- 
-2.4 
-4.2 
-- 
-1.7 
-- 


1VOH - 4.6 Vdcl 
5.0 
-0.64 
-- 
-0.51 
-0.88 
-- 
-0.36 
-- 


1VOH - 9.5 Vdcl 
10 
-1.6 
-- 
-1.3 
-2.25 
-- 
-0.9 
-- 


1VOH - 13.5 Vdcl 
15 
-4.2 
-- 
-3.4 
-8.8 
-- 
-2.4 
-- 


1VOL = 0.4 Vdcl 
Sink 
tOL 
5.0 
0.64 
-- 
0.51 
0.88 
-- 
0.36 
-- 
mAde 


1VOL - 0.5 Vdcl 
10 
1.6 
-- 
1.3 
225 
-- 
0.9 
-- 


(VOL - 1.5 Vdcl 
15 
4.2 
-- 
3.4 
8.8 
-- 
2.4 
-- 


Output 
Dove 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 


1VOH - 2.5 Vdcl 
Source 
5.0 
-2.5 
-- 
-2.1 
-4.2 
-- 
-1.7 
-- 


1VOH- 4.6 Vdcl 
5.0 
-0.52 
-- 
-0.44 
-0.88 
-- 
-0.36 
-- 


(VOH = 9.5 Vdcl 
10 
-1.3 
-- 
-1.1 
-2.25 
-- 
-0.9 
- 


1VOH= 13.5 Vdcl 
15 
-3.6 
-- 
-3.0 
-8.B 
-- 
-2.4 
-- 


(VOL - 0.4 Vdcl 
Sink 
10L 
50 
0.52 
-- 
0.44 
0.88 
-- 
0.36 
-- 
mAde 
1VOL - 0.5 Vdcl 
10 
1.3 
-- 
1.1 
.2.25 
-- 
0.9 
-- 
(VOL = 1.5 Vdcl 
15 
3.6 
-- 
3.0 
8.8 
-- 
24 
- 


Input 
Current 
IAL 
DeVice) 
lin 
15 
.- 
,01 
-- 
to 00001 
'01 
- 
110 
jJAdc 


Input 
Current 
ICLlCP 
Devicel 
lin 
15 
- 
,03 
- 
'0.00001 
'0.3 
-- 
, 1.0 
JJ.Adc 


Input 
Capacitance 
Con 
- 
-- 
-- 
-- 
50 
7.5 
-- 
-- 
pF 
(V1n 
~ 01 


QUiescent 
Current 
(AL 
DeVice) 
100 
5.0 
-- 
5.0 
-- 
0.005 
5.0 
-- 
150 
jJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
-- 
300 
15 
-- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
ICLlCP 
DeVIce) 
100 
5.0 
-- 
20 
- 
0.005 
20 
-- 
150 
JJ.Adc 


(Per 
Package) 
10 
-- 
40 
-- 
0.010 
40 
- 
300 
15 
-- 
80 
_. 
0.015 
80 
-- 
600 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT = (1.5 #A/kHzl 
t. 
100 
JJ.Adc 


(DynamiC 
plus 
QUiescent, 
10 
IT' 
13.0 #A/kHzl 
I • 100 
Per Package) 
15 
IT = 14.5 #A/kHzl 
t • 100 
tel - 50 
pF 
on all outputs, 
all 


buffers 
sWItching) 


"The 
formulas 
given 
are for the typical 
characteristics 
only at 25·C. 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 50 pF: • 


• 


a..-..iltlc 
Symbol 
VDD 
Min 
Typ# 
Mo. 
Unit 


Output 
Rio. 
and 
Foil Tim. 
'TLH. 
n, 
tTLH. 'THL 
- 
(1.5 nalpF) 
CL + 25 no 
tTHL 
5.0 
- 
100 
200 


'Tl.H. 
tTHL - 
(0.75 
nalpF) 
CL + 12.5 no 
10 
- 
50 
100 


'TLH. tTHL - 
.(0.55 no/pF) 
CL + 9.5 no 
IS 
- 
40 
80 


Propagetion DeilY 
Tim. 
'PLH, 
n' 
lpLH. 
'pHL 
• (1.7 nl/pFI 
CL + 315 n, 
lPI!L 
5.0 
- 
400 
1000 
tPLH. 
tPHL 
• (0.66 
nl/pFI 
CL + 127 n' 
10 
- 
160 
400 


tPI H tPHL· 
fO.5 nl/pF 
I CL + 96 nl 
IS 
- 
120 
300 


Comp 
6 


Z 
9 


5 
& 
"= 
<5 
c 
Inputs 
C 
Outputs 
~~ 
~~ 
'u "; 
f~ 
~~ 
A4 
A3 
A2 
Al 
Ow 
F4 
F3 
F2 
Fl 


0 
0 
0 
0 
0 
9 
1 
0 
0 
1 
, 
0 
0 
0 
1 
8 
I 
0 
0 
0 


2 
0 
0 
1 
0 
7 
0 
1 
1 
1 


3 
0 
0 
1 
, 
6 
0 
1 
1 
0 


4 
0 
1 
0 
0 
5 
0 
, 
0 
1 


5 
0 
1 
0 
1 
4 
0 
, 
0 
0 
6 
0 
1 
1 
0 
3 
0 
0 
, 
1 


7 
0 
1 
1 
1 
2 
0 
0 
1 
0 
8 
1 
0 
0 
0 
1 
0 
0 
0 
1 
9 
1 
0 
0 
1 
0 
0 
0 
0 
0 


IIlega' 
10 
1 
0 
1 
0 
7 
0 
, 
1 
, 


BCD 
11 
1 
0 
1 
1 
6 
0 
, 
1 
0 


Input 
12 
, 
, 
0 
0 
5 
0 
1 
0 
1 


Codes 
13 
1 
1 
0 
, 
4 
0 
, 
0 
0 


14 
1 
1 
1 
0 
3 
0 
0 
1 
1 


15 
1 
1 
1 
1 
2 
0 
0 
1 
0 
• 


• 


One MC14560B and one MC14561B permit a BCD digit 
to be added to or subtracted from a second digit, such as 
in the typical configurations 
in Figures 2 and 3. A second 
MC14561B permits either digit to be added to or subtract· 
ed from the other, or either word to appear unmodified 
at the output. 


Zero 
Add/Subtract 
Result 


0 
0 
8 plus A 


0 
• 
8 minU$ 
A 
• 
X 
8 


MC14561S 
..{ 


A' 
F. 
MC14560B 
A2 


A3 
F2 
Gin 
5' )"-". 


A4 
A' 


Camp 
F3 
A2 
52 
~ 
Comp 
A3 


Z 
F4 
A4 
53 


8'{ 


8' 
82 
54 


83 


Cout 


MC,4561S 
.,,{ 


A' 
F' 
MC14560B 
A2 


A3 
F2 
Gin 
5' 
,1.4 
Al 


Camp 
F3 
A2 
52 


Comp 
A3 
Ten, 
Z 
F4 
A4 
53 
.,,{ 


8' 


82 
54 


83 


84 
Cout 


II 


@MOTOROLA 


The MC14562B is a 12B·bit static shift register constructed with 
MOS P·channel and N·channel enhancement mode devices in a single 
monolithic 
structure. Data is clocked in and out of the shift register 
on the positive ed~ 
of the clock input. Data outputs are available 
every 16 bits, from 
16 through bit 128. This complementary MOS 
shift 
register is primarily 
used where low power dissipation and/or 
high noise immunity 
is desired. 


• 
Diade Protection on All Inputs 


• 
Fully Static Operation 
• 
Cascadable to Provide Longer Shift Register Lengths 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over the Rated Temperature Range 


Symbol 
Parameter 
Value 
Un" 


VOO 
DC Supply Voltege 
-0.5 
to + 18.0 
V 


Vin. You' 
Input or Output Voh_gs 
(DC or Transient) 
-0.5 
to VOO +0.5 
V 


lin. lout 
Input or Output Current 
(DC or Transient), 
per Pin 
±10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tetft 
Storage 
Temperatur. 
-85 
to + 150 
·C 
h 
Lead Temperature 
(8-Second 
Soldering) 
280 
·C 


·Maxlmum 
Ratinga are tho •• 
values beyond which damage 
to the device 
may occur. 


tTemperatur. 
Derating: PI.stic "P" Package: -12mWrC 
from 6S"C to 85·C 
Ceramic "L" Package: -12mWrC 
from l00·C 
to 12SoC 


128-BIT STATIC 
SHIFT 
REGISTER. 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 
PL.ASTIC 
PACKAGE 


CASE"6 


C Series: 
- 40"C 
to + 85"C 
MC14XXXBCP 
(PI.atic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


016 


12 
Dot. 
032 


048 
9 


064 
1 


080 
8 


096 
2 
5 
Clock 
0112 
6 


0128 
3 


Pin••• 
nd 11 
VOO· 
Pin 1. 
not u.-d. 
VSS - Pin 7 


Voo 
T10w . 
25°C 
Thi h- 


Characteristic 
Symbol 
Vde 
Min 
M•• 
Min 
Typ III 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
.. 
0.05 
0 
0.05 
.. 
0.05 
Vde 


Vin = VOD or 0 
10 
- 
0.05 
.. 
0 
0.05 
- 
0.05 
15 
.. 
0.05 
- 
0 
0.05 
- 
0.05 


"," 
level 
VOH 
5.0 
4.95 
.. 
4.95 
5.0 
- 
4.95 
- 
Vde 
Vin = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
-- 


15 
14.95 
.. 
14.95 
15 
- 
14.95 
- 


Input 
Vollage 
"0" 
Level 
VIL 
Vde 
(VO - 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
.. 
2.25 
1.5 
- 
1.5 
(VO - 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(VO = 13.5 or 1.5 Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


", 
.. Level 
VIH 
Vde 
(VO = 0.5 or 4.5 Vdc) 
5.0 
3.5 
3.5 
2.75 
- 
3.5 
-- 


(VO - 
1.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
.. 
11.0 
- 


Output 
Drtve 
Current 
IAl 
DeVice) 
10H 
mAde 
(VOH .. 2.5 Vdc) 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


(VOH 
4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 


IVOH ' 9.5 Vdcl 
10 
-1.6 
.. 
-1.3 
-2.25 
- 
-0.9 
- 


IVOH .. 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


IVOL .. 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
IVOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
DeVIce) 
10H 
mAde 
(VOH 
= 2.5 Vdel 
Source 
5.0 
-25 
- 
-2.1 
-4.2 
.. 
-1.7 
... 


IVOH 
= 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
.. 
-0.36 
.. 


(VOH ' 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


IVOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
.. 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
'OL 
5.0 
0.52 
- 
0.44 
088 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
13 
.. 
1.1 
2.25 
- 
09 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
'01 
'000001 
,01 
, 1.0 
""Adc 


Input Current 
(CLlCP 
Devicel 
lin 
15 
- 
,03 
'00000' 
'03 
, 1.0 
,4IAdc 


Input 
Capacitance 
Con 
.. 
.. 
5.0 
7.5 
.. 
pF 
IVin 
01 


Ouu~scen' Current 
(AL 
DeVice) 
'DO 
50 
- 
50 
0010 
5.0 
150 
",Adc 


lPer 
Package) 
10 
10 
.. 
0.020 
10 
- 
300 
15 
20 
- 
0.030 
20 
.. 
600 


QUiescent 
CUifenl 
ICLlCP 
DeVice) 
'00 
5.0 
- 
50 
- 
0.Q10 
50 
- 
375 
I-lAdc 


(Per 
Package) 
10 
- 
100 
- 
0.020 
100 
- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total 
Supply 
Current-·t 
IT 
5.0 
IT .. 11.94 ~A/kHzl 
f 
• 
'00 
IJAdc 


«Oynamlc 
plus Quiescent, 
10 
IT 
= (3.81 ~AlkHzll 
• 100 


Per 
Package) 
15 
IT' 
15.52 ~A/kHz) 
f 
• 
100 


(Cl 
- 50 pF 
on all outputs. 
all 
buffers switching) 


PIN ASSIGNMENT 


1 
14 


2 
13 


3 
12 


4 
11 


5 
10 


6 
9 
8 


NC 
= No Connection 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static voltages 
or electric 
fields. 
However, 


precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than 
maximum 
rated 
voltages 
to this high.imped- 
ance circuit. 
For proper operation, 
Vln and Vout should 
be constrained 
to the range 
VSS 
~ 
(Vin or Vout) 
•• VOD. 


Unused inputs must elways be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must be 
left open. 


• 


• 


a--iltic 
Symbol 
VDD 
Mln 
Typ 11 
Mo. 
Unit 


Output 
Rloe end 
Fall Time 
'TLH. 
n. 
'TLH. tTHL = (1.5 nolpF) 
CL + 25 no 
tTHL 
5.0 
- 
100 
200 
tTLH. tTHL = (0.75 nolpF) 
CL + 12.5 no 
10 
- 
50 
100 
'TLH. tTHL = (0.55 nolpF) 
CL + 9.5 no 
15 
- 
40 
80 


Propagation 
Delay Time 
tPLH. 
n. 
Clock 
to Q 
tpHL 
tPLH, 
tpHL 
• 11.7n./pFI 
CL + 515 n. 
5.0 
- 
600 
1200 
tPLH, 
tPHL 
• 10.66n./pF} 
CL + 217 n. 
10 
- 
250 
500 
tpLH, 
tpHL 
• 10.5n./pFI 
CL + 145 n. 
15 
- 
170 
340 


Clock 
Pulse Width 
tWH 
5.0 
600 
300 
- 
n. 
lSO'f. Duty 
Cyelel 
10 
220 
110 
- 
15 
150 
75 
- 


Clock Pulse Frequency 
lei 
5.0 
- 
1.9 
1.1 
MHz 
10 
- 
5.6 
3.0 
15 
- 
8.0 
4.0 


Oata to Clock Setup Time 
tlUll} 
5.0 
-20 
-170 
- 
n. 
10 
-10 
-64 
- 
15 
0 
-60 
- 


t.uIO} 
5.0 
-20 
-91 
- 
n. 
10 
-10 
-58 
- 
15 
0 
-48 
- 
Data to Clock Hold Time 
thlll 
5.0 
350 
263 
- 
N 
10 
165 
109 
- 
15 
155 
100 
- 


thlOI 
5.0 
350 
267 
'- 
n. 
10 
200 
140 
- 
15 
140 
93 


Clock Input Rise and Fall Times 
tr,lf 
5.0 
- 
- 
15 
",s 
10 
- 
- 
5 
15 
- 
- 
4 


Dote 
If. 
I\fo) 
./ 


Vss 
\ 
;r---VDD 


------,. 
--- 
Vss 


Pin 
No', 
f-- Pul. 1--1 
~Pul. 
16-1 
f-Pul •• 32--1 
~Pul•• 128-1 


Clock 5~_.J\J'J\._~_.f\J\~ 


@MOTOROLA 


The MC 14566B 
industrial time base generator is constructed 
with MaS P-channel and N-channel enhancement 
mode devices 
in a single monolithic 
structure. 
This device consists of a divide- 
by-l0 
ripple 
counter 
and a divide-by-5 
or divide-by-6 
ripple 
counter to permit stable time generation from a 50 or 60 Hz line. 
By cascading this device as divide-by-60 
counters. seconds and 
minutes can be counted and are available in BCD format 
at the 
circuit outputs. 
An internal monostable 
multivibrator 
is included 
whose output can be used as a reset or clock pulse providing ad- 
ditional 
frequency 
flexibility. 
Also a pin has been included 
to 
allow divide-by-5 
counting for generating 
1.0 Hz from European 
50 Hz line. Pin 11 ; 
VDD will cause 
-<- 5. 


• 
Negative EdgeTriggered Counters for Easeof Cascading 
• 
PulseShaperson Counter Inputs Accept Slow Input RiseTimes 
• 
Monostable Multivibrator 
Positive or Negative EdgeTriggered 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable 01 Driving Two Low-power TTL Loads or One Low-power 
Schottky ITL Load Over the Rated Temperature Range 


Symbol 
Parameter 
Va'''' 
Unit 


VDD 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. You. 
Input or Output Voltage (DC or Transient) 
- 0.5 to VDD + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient). per Pin 
+10 
mA 
Po 
Power OJ.lipstion, 
per Pack_get 
500 
mW 


Tato 
Storage Temperature 
-85 
to + 150 
·C 


TL 
lead 
Temperature 
(S·Second Soldering) 
280 
·C 


*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperatur. 
Oeratlng: 
PI•• tlc "p" 
Package: - 12mWrC from 8SoC to 8SoC 
Ceramic oiL" Package: 
- 12mWrC 
from 100·C to 12S·C 


3 
OOA 


~ eco 
Pulse 
4 
CA 
C 
Q1A-o 


";"0 
Shaper 
5 
lout 
OlA 


03A 
6 


A 


Ruet 


-+- 5/+-6Control 
11 
A 
12 
OOe 


Ole 
13 
eco 


ce 
15 
Out 
Pulse 
C 
14 
+5/+6 
Shape' 
Ole 


e 


A 
9 


INDUSTRIAL 
TIME BASE GENERATOR 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PL.ASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
to + 85°C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


16 


2 
15 


3 
,. 
• 
13 


5 
12 


6 
11 


10 
8 
9 


Voo 
T10w . 
25°C 
Thi h- 
Chlrlcteristic 
Symbol 
Vdc 
Min 
Max 
Min 
Typ" 
MI, 
Mi" 
Max 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin=VOO 
or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
.. 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin=O 
or 
VOO 
10 
9.95 
- 
995 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 
IVQ - 4.5 or 0.5 Vdcl 
50 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO ~ 9.00' 
1.0 Vdcl 
10 
- 
3.0 
.- 
4.50 
3.0 
- 
3.0 
(VO" 
13.5 0,1.5 
Vdcl 
15 
4.0 
- 
6.75 
4.0 
- 
4.0 


"'" 
Level 
VIH 
(VO" 
0.50,4.5 
Vdcl 
5.0 
35 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(VO" 
1.00,9.0 
Vdcl 
10 
7.0 
- 
70 
5.50 
- 
7.0 
- 
(VO" 
1.50' 
13.5 Vdcl 
15 
11.0 
- 
110 
8.25 
- 
11.0 
- 


Output 
Dove 
Current 
(AL 
DeVice) 
10H 
mAde 
(VOH - 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-42 
- 
-1.7 
- 


(VOH " 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-036 
- 


(VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-88 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
DeVice) 
10H 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.' 
-4.2 
- 
-1.7 
- 


(VOH = 4.6 Vdcl 
50 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


(VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1. 
I 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
052 
- 
0.44 
088 
- 
0.36 
mAde 
(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL = 1.5 Vdcl 
IS 
3.6 
- 
3.0 
8.8 
- 
24 
- 


Input 
Current 
(Al 
Device) 
I,n 
15 
- 
to 
1 
!:O 00001 
to 
1 
'10 
~Adc 


Input 
Current 
(CLlCP 
DeVice) 
Ion 
15 
- 
'03 
- 
'000001 
'03 
- 
"0 
JJAdc 


Input 
Capacitance 
Con 
- 
- 
- 
50 
75 
pF 


(Vin 
=' 01 


QUiescent 
Current 
IAL 
DeVIce) 
100 
5.0 
5.0 
0.005 
50 
150 
J.,lAdc 
(Per Packagel 
10 
10 
- 
0.010 
10 
- 
300 
15 
20 
- 
0.Q15 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVice) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
ISO 
.uAdc 


(per 
Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
Supply 
Current-· 
t 
IT 
50 
IT = 11.0 ~A/kHzl 
f + 100 
JJAdc 


(DynamiC 
plus 
QUiescent. 
10 
IT = (2.0 ~A/kHz) 
f + 100 
Per Package) 
15 
IT - 13.0 ~A/kHzl 
f + IDO 
ICL 
'= 50 pF 
on all outputs, 
all 


buffers 
SWlfChtng) 


This device 
contains 
protection 
circuitry 
to guard against 
damage 
due to high static voltagss 
or electric 
fields. 
However, 
precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this high-imped. 
ance circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS 
E;; (Vin or Vout) ~ VOO. 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must be 
left open. 


CII_iltic 
Symbol 
VDD 
Min 
Typ# 
Max 
Unit 


Output Rise and Fall Time 
lTLH· 
nl 


lTLH. tTHL = (1.5 nslpF) CL + 25 ns 
lTHL 
5.0 
- 
100 
200 
tTLH. tTHL - 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTLH. tTHL - 
(0.55 nslpF) CL + 9.5 ns 
15 
- 
40 
80 
~On 
DeilY Time, Clock to Q3A 
tpLH. 
nl 
tPLH, tPHL = (1.7 nl/pF) 
CL + 1365 nl 
tPHL 
5.0 
- 
1450 
4500 
tPLH. tPHL • (0.66 nl/pF) 
CL + 497 nl 
10 
- 
530 
1500 
tPLH, tpHL = (0.5 n./pF) 
CL + 295 nl 
15 
- 
320 
1000 


Propegetion 
Delay Time, Rete. 
to 03A 
I 
tpHL 
nl 
tpHL' 
11.7 ni/pFI 
CL + 845 n. 
5.0 
- 
930 
3000 
tPHL' 
(0.66 nl/pF) 
CL + 282 n. 
10 
- 
315 
1000 
tPHL' 
(0.5 n./pF) 
CL + 185 nl 
15 
- 
210 
750 


Clock Pulse Width 
'WH(e" 
nl 
5.0 
1200 
400 
- 
to 
400 
125 
- 
15 
270 
90 
- 


Reset Pulse Width 
'WH(RI 
nl 


5.0 
1200 
400 
- 
10 
400 
125 
- 
15 
270 
90 
- 


Clock Pull' 
Frequency 


I 


fel 
MHz 


I 


5.0 
- 
1.0 
0.3 


10 
- 
2.5 
1.0 
15 
- 
4.2 
1.5 


Clock Pulse Rise and Fall Time 
ITLH. 
- 
tTHL 
5.0 
10 
No Umit 
15 


Monostabfe 
Multivibrator 
Pulse Width 
tWH(Om) 
nl 
5.0 
1200 
2800 
- 
10 
400 
900 
- 
15 
300 
600 
- 


FIGURE 
1 - 
POWER DISSIPATION 
TEST CIRCUIT 
AND WAVEFORM 
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4 
0 


> 1500 pF' I 


r---- 
I 
+5/+6 


1 
00 


- - - - - - ---, 
83 


1 


A 
I 
Tenth 
Q 
1 
} Second, 
B 
m 
I 


I 


-l 


C 
01 
02 
I 
02 
03 
L 
_ 
r------ 
-------- 
I 
~,o 
+5/+6 
I 
00 
00 
I 
C 
01 
C 
I 
02 
01 


I 
03 
02 
L 
~o~s 
_ 


I 
~ 10 
I 
00 


I 
C 
01 
I 
02 
I 
03 
02 
L 
~n~e~ 
_ 


"7 5/ ~ 6 Control not shown 
= V S5 


Reset pins not shown 
=- VSS 


'Car~ 
must be taken 
In the indicated 
c,rcuit 
to filter 
line 
transients whIch 
may cause "false·' counting 
• 


• 


Voo 
3 
4 
5 
6 
2 
10 
11 
12 
13 
14 
VSS 


.•... -. 
-~ 
9 
BINARY/BCO 
Clock 
BINARY/BCO 
Counter #1 
Load 
Counter #2 


. ~ 
.. 
), 


7 
- 
_'~ 
Zero Detect Encoder 


@MOTOROLA 


The MC14569B 
is a programmable 
divide-by-N 
dual 4-bit 
binary 
or BCD down counter 
constructed 
with MaS 
P-channel 
and N-chan- 
nel enhancement 
mode devices 
(complementary 
MaS) 
in a mono- 
lithic structure. 
This device 
has been designed 
for use with the MC14568B 
phase 
comparator/counter 
in frequency 
synthesizers, 
phase-locked 
loops, 
and other frequency 
division 
applications 
requiring 
low power dissi- 
pation and/or 
high noise immunity. 


• 
Speed-up Circuitry 
for Zero Detection 


• 
Each 4-Bit 
Counter 
Can Divide 
Independently 
in BCD 
or Binary 
Mode 


• 
Can be Cascaded 
With MC14568B, 
MC14522B 
or MC14526B 
for 
Frequency 
Synthesizer 
Applications 


• 
All Outputs 
are Buffered 


• 
Schmitt 
Triggered 
Clock 
Conditioning 


Symbol 
P.r••••••••. 
Vel••• 
Un" 


VOO 
OC Supply Volteg. 
-0.5 
to + 18.0 
V 


Vln. Vout 
Input or Output Von_ge (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. lout 
Input or Output Current 
(DC or Transient). 
per Pin 
±10 
mil 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Te•a 
Storage 
Temperature 
-65 to + 150 
·C 


TL 
Lead Temperature 
(a-Second 
Soldering) 
280 
·C 


-Maximum 
Ratings 
are those values 
beyond 
which 
damage 
to the device 
may occur. 
tTemperatur. 
Derating: 
Plastic "P" Package: 
-12mW/oC 
from 65°C to 85°C 
Ceramic 
"L" 
Package: 
- 12mW/oC from 100°C to 125°C 


PROGRAMMABLE 
DIVIDE-BY-N 
DUAL 
4-BIT 
BINARY / BCD DOWN COUNTER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
-40"C 
to +85°C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCl 
(Ceramic 
Package) 


Voo 
Tlow. 
25°C 
Thi h- 


Characteristic 
Symbol 
Vde 
Min 
Mo. 
Min 
Typ# 
Mo. 
Min 
Mo. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


V1n = VOO or 0 
10 
- 
G.G5 
- 
G 
0.05 
- 
G.G5 
15 
- 
G.05 
- 
0 
G.G5 
- 
G.G5 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vin = 0 or Vao 
l() 
9.95 
- 
9.95 
lG 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
V'L 
Vdc 


(Va = 4.5 or 0.5 Vdcl 
5.G 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Vo = 9.G 0' I.G Vdcl 
10 
- 
3.G 
- 
4.50 
3.G 
- 
3.0 


IVo 
= 13.5 0,1.5 
Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.",. 
Level 
VIH 
Vdc 


IVO - 0.5 0' 4.5 Vdc) 
5.0 
3.5 
_. 
3.5 
2.75 
- 
3.5 
- 
IVO • 1.G 0' 9.G Vdcl 
l() 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 0'13.5 
Vdcl 
15 
11.0 
- 
II.G 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 


1VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


IVOH 
= 4.6 Vdcl 
5.G 
~.54 
- 
~.51 
~.88 
- 
~.36 
- 
1VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
~.9 
- 


(VOH • 13.5 Vdc) 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
'OL 
5.0 
0.54 
- 
G.51 
0.88 
- 
0.36 
- 
mAde 


IVOL =0.5 
Vdc) 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
1VOL =1.5 
Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Dove 
Current 
fCLlCP 
DeVice) 
'OH 
mAde 


IVOH = 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


IVOH - 4.6 Vdcl 
5.0 
~.52 
- 
~.44 
-0.88 
- 
~.36 
- 


(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
~.9 
- 


IVOH - 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


IVOL 
= 0.4 Vdcl 
Sink 
'OL 
5.G 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL· 
0.5 Vdcl 
lG 
1.3 
- 
".1 
2.25 
- 
0.9 
- 


IVOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
(AL 
Device) 
lin 
15 
:to.l 
- 
<0.00001 
to.l 
- 
± 1.0 
~Adc 


Input 
Current 
(CLlCP 
DeVice) 
lin 
15 
- 
<G3 
- 
<G.OOOOl 
<0.3 
- 
< 1.0 
/.JAde 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin = 01 


Quiescent 
Current 
(AL 
Device) 
100 
5.G 
- 
50 
- 
0.005 
5.0 
- 
150 
IJAdc 


(Per 
Package) 
l() 
- 
lG 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUlescenl 
Currenl 
lCLlCP 
DeVICe) 
'DO 
50 
- 
50 
- 
0.005 
50 
- 
150 
JJAdc 


(Per 
Package) 
10 
- 
100 
- 
0.010 
100 
- 
300 
15 
- 
200 
- 
0.015 
200 
- 
600 


Total 
SupplV 
Current-· 
t 
'T 
5.G 
10.58 ~A/kHz) 
f + 'DO 
J,lAdc 


I Dyna'THc 
plus 
QUiescent. 
10 
11.20 ~A/kHz) 
f + 'DO 
Per Package) 
15 
11.95~A/kHz)f 
+ 'DO 


ICL:II:" 
50 pF 
on all outputs. 
all 


buffers 
SWitching) 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages or electric 
fields. 
However, precau~ 
tions must be taken to avoid applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 


constrained 
to 
the 
range 
VSS 
=5i 
(Vin 
or 
Vout) 
'" VOO' 


Unused inputs must always be tied to an ap· 
propriate logic voltage level (e.g .• either VSS 
or VOO)' Unused outputs must be left open. 


UThe formulas 
given 
are for the typical 
characteristics 
only at 25°C. 


tTo 
calculate 
total 
supply 
current 
at loads othE:r than 50 pF: 


Voo 
All Types 


CharKt.istic 
Symbol 
Vdc 
Min 
Typ# 
Mox 
Unit 


Output 
Rise Time 
tTLH 
5.0 
- 
100 
200 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


Output Fall Time 
tTHL 
5.0 
- 
100 
200 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


Turn..()n Delav Time 
tPLH 
n. 
Zero Detect Output 
5.0 
- 
420 
700 


10 
- 
175 
300 
15 
- 
125 
250 
a OutpUt 
5.0 
- 
675 
1200 
n. 
10 
- 
285 
500 
15 
- 
200 
400 


Turn-Qff 
Delay Time 
tPHL 
n. 
Zero Detect Output 
5.0 
- 
380 
600 
10 
- 
150 
300 
15 
- 
100 
200 


QOutput 
5.0 
- 
530 
1000 
n. 
10 
- 
225 
400 
1l) 
- 
155 
300 


Clock Pul•• Width 
tWH 
5.0 
300 
100 
- 
n. 
10 
150 
45 
- 


15 
115 
30 
-- 


Clock Pulse Frequency 
'ei 
5.0 
- 
3.5 
2.1 
MHz 
10 
- 
9.5 
5.7 
15 
- 
13.0 
7.8 


Clock Pul. 
Rise and Fell Time 
'TLH. 'THL 
5.0 
••• 
10 
NO LIMIT 


15 


-------------------.~ 


_________ 
t_P_L_H~l- 
9- 
Zero Detect 
~. 
L~ 


tTLH 


PIN DESCRIPTIONS 


CONTROLS 


PO, P1, P2, P3 (Pins 
3, 4, 5, 6) - 
Preset Inputs. 
Programmable 
inputs 
for the least significant 
counter. 


May be binary or BCD depending on the control input. 


P4, P5, P6, P7 (Pins 
11, 12, 13, 14) - 
Preset In- 
puts. 
Programmable 
inputs 
for 
the 
most 
significant 
counter. May be binary or BCD depending on the control 
input. 


Clock 
(Pin 
9) - 
Preset data is decremented 
by one 
on each positive transition of this signal. 


Zero 
Detect 
(Pin 
1) - 
This output is normally 
low 
and goes high for one clock cycle when the counter has 
decremented 
to zero. 


Q (Pin 
15) - 
Output of the last stage of the most 
significant 
counter. 
This output 
will be inactive 
unless 
the preset input P7 has been set high. 


Cascade 
Feedback 
(Pin 
7) - 
This pin is normally 
set high. When 
low, loading 
of the preset 
inputs 
(PO 
through P7) is inhibited, 
I.e., PO through 
P7 are "don't 
cares." Refer to Table 1 for output characteristics. 


CTL1 (Pin 
2) - 
This pin controls the counting mode 
of the least significant 
counter. When set high, counting 
mode is BCD. When set low, counting mode is binary. 


CTL. 
(Pin 
10) - 
This pin controls the counting mode 
of the most significant 
counter. When set high, counting 
mode is BCD. When set low, counting mode is binary. 


VSS (Pin 
18) - 
Negative Supply Voltage. This pin is 
usually connected to ground. 


VDD (Pin 
16) - 
Positive Supply Voltage. This pin is 
connected to a positive supply voltage ranging from 3.0 
volts to 18.0 volts. 


The MC14569B 
is a programmable 
divide-by-N 
dual 
4-bit down counter. 
This counter 
may be programmed 
(i.e., preset) in BCD or binary code through inputs POto 
P7. For each counter, 
the counting 
sequence 
may be 
chosen 
independently 
by applying 
a high 
(for 
BCD 
count) or a low (for binary count) to the control 
inputs 
CTL, and CTL2. 
The divide ratio N (N being the value programmed 
on 
the preset inputs PO to P7) is automatically 
loaded into 
the counter as soon as the count 1 is detected. 
There- 
fore, a division ratio of one is not possible. After N clock 


1. 


:r! l' 
>U 
Z 
10 
w 
::>awa: 
8.0 
..~. 


6.0 


•. 0 


cycles, one pulse appears 
on the Zero Detect 
output. 
(See Timing Diagram.) The a output is the output of the 
last stage of the most significant 
counter (See Tables 1 
through 5, Mode Controls.) 
When cascading 
the MC14569B 
to the 
MC14568B, 


MC14522B 
or the MC14526B, 
the Cascade 
Feedback 
input, a, and Zero Detect outputs must be respectively 
connected 
to "0", 
Clock, 
and 
Load 
of the 
following 
counter. 
If the 
MC14569B 
is used 
alone, 
Cascade 
Feedback must be connected to VDD. 


P7 


P6 


PS 


P4 


CTL2 


Clock 


CTL1 


PO 


PI 
• 


• 


Count.r 
Control 
Divide 
Valu •• 
Retlo 


CTL, 
CTL2 
Zero Detect 
Q 


0 
0 
256 
256 
0 
1 
160 
160 
1 
0 
160 
160 
1 
1 
100 
100 


P•.•••• 
DivIde 
Input. 
Rello 


Zero 
P7 
P6 
P5 
P4 
P3 
P2 
PI 
PO 
Det9ct 
Q 
Comment. 


0 
0 
0 
0 
0 
0 
0 
0 
256 
256 
Max Count 
0 
0 
0 
0 
0 
0 
0 
1 
X 
X 
Illegal State 
0 
0 
0 
0 
0 
0 
1 
0 
2 
X 
Min Count 
0 
0 
0 
0 
0 
0 
1 
, 
3 
X 


X 


X 


X 


0 
0 
0 
0 
1 
1 
1 
1 
15 
X 
0 
0 
0 
1 
0 
0 
0 
0 
16 
X 


X 


X 


X 
0 
0 
1 
0 
0 
0 
0 
0 
32 
X 


X 


X 


X 
0 
1 
0 
0 
0 
0 
0 
0 
64 
X 


X 


X 


X 


0 
1 
1 
1 
1 
1 
, 
1 
127 
X 
1 
0 
0 
0 
0 
0 
0 
0 
126 
128 
a Output Active 


1 
0 
0 
0 
1 
0 
0 
0 
136 
136 


1 
1 
1 
1 
1 
1 
1 
1 
1 
255 
255 


27 
26 
2" 
2' 
~ 
22 
2' 
2° 
128 
64 
32 
16 
8 
4 
2 
1 
Bit Value 


Counter #2 
Counter #1 
Counting 
Binary 
Binary 
Sequence 


Pr••• t 
Divide 
Input. 
Retlo 


Zero 
P7 
P6 
P5 
P4 
P3 
P2 
Pl 
PO 
Detect 
a 
Comm.nt. 


0 
0 
0 
0 
0 
0 
0 
0 
160 
160 
Max Count 
0 
0 
0 
0 
0 
0 
0 
1 
X 
X 
Illegal State 
0 
0 
0 
0 
0 
0 
1 
0 
2 
X 
Min Count 
0 
0 
0 
0 
0 
0 
1 
1 
3 
X 
X 


X 


X 


0 
0 
0 
0 
1 
0 
0 
1 
9 
X 
0 
0 
0 
1 
0 
0 
0 
0 
10 
X 
X 


X 


X 


0 
0 
0 
1 
1 
0 
0 
1 
19 
X 
0 
0 
1 
0 
0 
0 
0 
0 
20 
X 
X 


X 


X 


0 
0 
1 
1 
0 
0 
0 
0 
30 
X 
X 


X 


X 


0 
1 
0 
0 
0 
0 
0 
0 
40 
X 
X 


X 


X 


0 
1 
0 
1 
0 
0 
0 
0 
50 
X 
X 


X 


X 


0 
1 
1 
0 
0 
0 
0 
0 
60 
X 
X 


X 


X 


0 
1 
1 
1 
0 
0 
0 
0 
70 
X 
X 


X 


X 


1 
0 
0 
0 
0 
0 
0 
0 
80 
80 
a Output Active 


1 
0 
0 
1 
0 
0 
0 
0 
90 
90 


1 
1 
1 
1 
0 
0 
0 
0 
150 
150 


1 
1 
1 
1 
1 
0 
0 
1 
159 
159 


80 
40 
20 
10 
8 
4 
2 
1 
Bit Value 


Counter #2 
Counter #1 
Counting 
Binary 
BCD 
Sequence 


• 


Pre •• t 
Divide 
Veluee 
"etlo 


Zero 
P7 
P8 
P5 
P4 
P3 
P2 
PI 
PO 
Detect 
Q 
Comment. 


0 
0 
0 
0 
0 
0 
0 
0 
160 
160 
Max Count 
0 
0 
0 
0 
0 
0 
0 
1 
X 
X 
Illegal Stata 
0 
0 
0 
0 
0 
0 
1 
0 
2 
X 
Min Count 
0 
0 
0 
0 
0 
0 
1 
1 
3 
X 
X 


X 


X 


0 
0 
0 
0 
1 
1 
1 
1 
15 
X 
0 
0 
0 
1 
0 
0 
0 
0 
16 
X 
X 


X 


X 
0 
0 
0 
1 
1 
1 
·1 
1 
31 
X 
0 
0 
~ 
0 
0 
0 
0 
0 
32 
X 
X 


X 


X 


0 
0 
1 
1 
0 
0 
0 
0 
48 
X 


0 
1 
0 
0 
0 
0 
0 
0 
64 
X 


0 
1 
0 
1 
0 
0 
0 
0 
80 
X 


0 
1 
1 
1 
0 
0 
0 
0 
112 
X 


1 
0 
0 
0 
0 
0 
0 
0 
128 
128 
a Output Actiye 


1 
0 
0 
1 
0 
0 
0 
0 
144 
144 
1 
1 
0 
0 
1 
1 
1 
1 
1 
159 
159 


2' 
~ 
2" 
z4 
~ 
2" 
2' 
20 
128 
84 
32 
18 
8 
4 
2 
1 
Bit Value 


Counter #2 
Counter #1 
- 
Counting 
BCD 
Binary 
Sequence 


Pr••• 
t 
Dlylde 
V.lu •• 
Ratio 


Zero 
P7 
P6 
P5 
P4 
P3 
P2 
Pl 
PO 
Detect 
a 
Commenta 


0 
0 
0 
0 
0 
0 
0 
0 
100 
100 
Max Count 
0 
0 
0 
0 
0 
0 
0 
1 
X 
X 
Illegal State 
0 
0 
0 
0 
0 
0 
1 
0 
2 
X 
Min Count 
0 
0 
0 
0 
0 
0 
1 
1 
3 
X 
X 


X 


X 


0 
0 
0 
0 
1 
0 
0 
1 
9 
X 
0 
0 
0 
1 
0 
0 
0 
0 
10 
X 
X 


X 


X 


0 
0 
1 
1 
0 
0 
0 
0 
30 
X 
X 


X 


X 
0 
1 
0 
0 
0 
0 
0 
0 
40 
X 
X 


X 


X 
0 
1 
0 
1 
0 
0 
0 
0 
50 
X 
X 


X 


X 
0 
1 
1 
1 
0 
0 
0 
0 
70 
X 
X 


X 


X 


1 
0 
0 
0 
0 
0 
0 
0 
60 
80 
Q Output Active 


1 
0 
0 
1 
0 
0 
0 
0 
90 
90 
1 
1 
0 
0 
1 
1 
0 
0 
1 
99 
99 


80 
40 
20 
10 
8 
4 
2 
1 
Bit Value 


Counter #2 
Counter #1 
Counting 
BCD 
BCD 
Sequence 


Zero 


Detect 


Output ~~y~d:-JI 
n 
n 
n 
_ 


II 


Tl,2 
" 
{>- 
V 
Dpa 
PE 
"- 
"- 
D 
C 
=" 
Dp 
PE 
'---' 
D 
C 
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-f>--l 
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L../ 
Dp 
PE 
~ 
-l"- 
L..t 
D 


p.i. 
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C 
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PE 


~ 
---t>----f) 
IU 


j,VDD 
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@MOTOROLA 


The MC14572UB 
hex functional 
gate is constructed with MOS 
P·channel and N·channel enhancement mode devices in a single 
monolithic 
structure. 
These complementary 
MOS logic gates find 
primary use where low power dissipation and/or high noise immun· 
ity is desired. The chip contains four inverters, one NOR gate and 
one NAND 
gate. 


• 
Diode Protection on All Inputs 


• 
Single Supply Operation 
• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
NOR Input 
Pin Adjacent 
to Vss 
Pin to Simplify 
Use As An 
lriverter 


• 
NAND 
Input 
Pin Adjacent to VDD Pin to Simplify 
Use As An 
Inverter 


• 
NOR Output Pin Adjacent to Inverter Input Pin For OR 
Application 


• 
NAND 
Output 
Pin Adjacent 
to 
Inverter 
Input 
Pin For AND 
Application 


• 
Capable 01 Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature Range 


Symbol 
Paramatar 
Value 
Unit 


VDD 
DC 
Supply 
Voltage 
- 05 
to 
+ 18 0 
v 


VIn· Voul 
Input 
or Outpul 
Voltage 
(DC 
or Transient) 
-05 
to VOO +05 
V 


1m. lout 
Inpul 
or Oulput 
Current 
(DC 
or Transient). 
per 
Pin 
=10 
mA 


PD 
Power DIssipation, 
per Packaget 
500 
mW 


Tsta 
Storage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead 
Temperature 
(S·Second 
Soldenng) 
260 
·C 


·Maximum 
RatIngs 
are 
those 
values 
beyond 
which 
damage 
10 the 
device 
may 
occur 


tTemperalure 
Derating 
PlastIC 
"p" 
Package 
- 12mWrC 
from 
65°C 
to 65°C 


CeramIc 
"L" 
Package 
- 12mWrC 
from 
lODGe to 
125 


DC 


HEX GATE 


4 INVERTERS PLUS 
2·INPUT NOR GATE PLUS 
2·INPUT NAND GATE 


L SUFFIX 
CERAMIC 
PACKAGE 


CAse 620 


P SUFFIX 
PLASTIC 
PACKAGE 


CAse 6.8 


C Serie.: 
- 40·C to + 8S·C 
MC14XXXUBCP 
(Pla.tic 
Package) 


MCt4XXXUBCL 
(Ceramic 
Package) 


Voo 
Tlow· 
25°C 
Thigh' 


Characteristic 
Symbol 
Vde 
Min 
M •• 
Min 
Typ# 
M •• 
Min 
M •• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
.. 
0.05 
- 
0 
0.05 
.. 
0.05 
Vde 


Vin = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
.. 
0.05 


15 
" 
0.05 
.. 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.96 
- 
Vde 


Vin = 0 or VOO 
10 
995 
- 
9.95 
10 
.. 
9.95 
- 
15 
1495 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vde 
(VO - 
4.5 or 0.5 Vdc) 
5.0 
- 
1.0 
.. 
2.25 
1.0 
- 
1.0 


(VO - 
9.0 or 1.0 Vde) 
10 
_. 
2.0 
.. 
4.50 
2.0 
- 
2.0 


(VO - 
13.5 or 1.5 Vde) 
15 
- 
2.5 
.. 
675 
2.5 
- 
2.5 
"1" Level 
VIH 
(VO - 
0.5 or 4.5 Vde) 
50 
4.0 
- 
4.0 
2.75 
.. 
4.0 
.. 
Vde 


(VO - 
1.0 or 9.0 Vde) 
10 
8.0 
- 
8.0 
5.50 
- 
8.0 
- 
(VO - 
1.5 or 13.5 Vde) 
15 
12.5 
- 
12.5 
8.25 
- 
12.5 
- 


Output 
Olive 
Current 
IAL DeVIce) 
IOH 
mAde 


1VOH' 
2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 
(VOH - 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
.. 


(VOH • 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
.. 
-0.35 
- 


(VOH • 13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL· 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
.. 
0.51 
0.88 
.. 
0.36 
- 
mAde 


fVOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdel 
15 
4.2 
- 
3.4 
8.8 
.. 
2.4 
- 


Output 
Drive Current 
(CL/CP 
DeVice) 
IOH 
mAde 


(VOH " 2.5 Vdcl 
Source 
5.0 
-1.0 
.. 
-0.8 
-1.7 
- 
-0.6 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.2 
.. 
-0.16 
-0.36 
.. 
-0.12 
- 


fVOH • 9.5 Vde) 
10 
-0.5 
- 
-0.4 
-0.9 
.. 
-0.3 
.. 


fVOH' 
13.5 Vdcl 
15 
-1.4 
.. 
-1.2 
-3.5 
.. 
-1.0 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
.. 
0.44 
088 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL' 
1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
DeYlce) 
I,n 
15 
.. 
to 
1 
.. 
!O.OOOOl 
to.l 
, 1.0 
I.lAdc 


Input 
Current 
ICL/CP 
DeVice) 
lin 
15 
.. 
t 0.3 
- 
to.OOOOl 
to.3 
t 1.0 
~Adc 


Input 
CapacItance 
Gin 
- 
., 
.. 
- 
5.0 
7.5 
- 
pF 


IVin 
'" Q) 


Quiescent 
Current 
lAL 
Device) 
100 
5.0 
- 
0.25 
.- 
0.0005 
0.25 
7.5 
I.lAdc 


(Per 
Package) 
10 
- 
0.50 
.. 
0.0010 
0.50 
.. 
15.0 


15 
- 
1.00 
- 
0.0015 
1.00 
- 
30.0 


QUIescent 
Current 
ICLlCP 
DeVice) 
100 
5.0 
.. 
1.0 
- 
0.0005 
1.0 
.. 
7.5 
I.lAdc 


(per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
.. 
15.0 


15 
- 
4.0 
- 
0.0015 
4.0 
- 
30.0 


Total 
Supply 
Current-· 
t 
IT 
5.0 
IT 
E (1.89 ~A/kHzll 
+ 100 
I.lAdc 
(Dynamic 
plus Ouiescent, 
10 
IT 
E (3.80 ~A/kHzll 
+ 100 


Per Package) 
15 
IT· 
(5.68 ~A/kH.11 
+ 100 


eeL'" 
50 pF on all outputs, 
all 


buffers 
sWItchIng 
I 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
i 


.•.•The formulas 
given 
are for the typical 
characteristics 
only 
at 25°C. 


tTo 
calculate 
total 
supply 
current 
at loads 
other 
than 
50 pF: 


ThiS device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static 
voltages 
or electric 
fields. 
How- 


ever, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated Yoltages to this high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS 
::s;;; (Vin or Voud 
•• VOO. 


Unused inputs must always 
be tied to an appropriate 
10\Jicvoltage 
level (e.g., either VSS or VOO). Unused outputs 
must 
be left open. 


a..-iotic 
Symbol 
VOO 
Min 
Typ # 
_ll 
Unit 


Output 
Ri •• Time 
'TLH 
nl 
'TLH· 
13.0 nl/pFI 
CL + 30 nl 
5.0 
- 
180 
360 
'TLH· 
11.5 nl/pFI 
CL + 15 nl 
10 
- 
90 
180 
'TLH· 
11.1 nl/pFI 
CL + 10 nl 
15 
- 
65 
130 


Outpu, 
Fill Timl 
tTHL 
nl 
'THL· 
(1.5 nl/pF) 
CL + 25 nl 
5.0 
- 
100 
200 
'THL· 
(0.75 ns/pF) 
CL + 12.5 nl 
10 
- 
50 
100 
tTHL· 
10.55 ns/pF) 
CL + 9.5 nl 
15 
- 
40 
80 


ProPegiltion 
Delay ~ime 
tPLH, 
nl 
lpLH. 'PHL = (1.7 nalpF) CL + 5 nl 
'PHL 
5.0 
- 
90 
180 
IpLH. IpHL - 
(0.66 nalpF) CL + 17 nl 
10 
- 
50 
100 
'PLH,IPHL 
- 
(0.5 nalpF) CL + 15 nl 
15 
- 
40 
80 


Voo 
Voo 


16 


Output 


Output 


CL 
5 


-= 
-= 


VOO 
l 
t- 20n, 
--i 


16 
90% 
Input 
50% 
10% 


~ 


VSS 


Output 
i'PHL 
13 
VOH 
90% 
Output J - 


10% 
VOL 
lfL 


@MOTOROLA 


The MC145808 
is a 4 by 4 multiport 
register useful in small 
scratch pad memories, arithmetic operations when coupled with an 
adder, and other data storage applications, It allows independent 
reading of any two words (or the sameword at both outputs) while 
writing into anyone of four words. 
Address changing and data entry occur on the rising edge of the 
clock. When the write enable input is low. the contents of any word 
may be accessedbut not altered. 


• 
No Restrictions on Clock Input Rise or Fall Times 


• 
3·State Outputs 


• 
Single PhaseClocking 


• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-powerTTL Loads or one Low- 
power Schottky TTL Load Over the Rated Temperature 
Range 


• 
Pin Compatible 
with CD401 08 


L SUFFIX 


CERAMIC 
PACKAGE 
CASE 
623 


Symbol 
P.,.met.r 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0.510 
+ 18.0 
V 


Vin_ 
Vout 
Input 
or Output 
Voltage 
(DC 
or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


'In· 
lout 
Input or Output Current (C'= vf Transient), per Pin 
~10 
mA 


Po 
Power Dissipation. per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-6510+150 
·C 
h 
Lead Temperature (S-Second Soldering) 
260 
·C 


P SUFFIX 
PLASTIC 
PACKAGE 
CASe 
709 


·Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"p" 
Package: 
- t 2mW'oC 
from 65DC 
10 85°C 
Ceramic "L" Package: -12mW/oC from 
100·C to 125°C 
C Series: 
- 40·C 
to + 85·C 
MC14XXXSCP 
(Plastic 
Package) 


MC14XXXSCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


Clock 
16 
3-Slele 
A 


3 
a3e 
24 


aOA 
4 
a2e 
23 
WE 
15 


a'A 
5 } 
Wo'd 
A 
3·SteteA 
aOe 
22 


: 
Output 
4 
aOA 
3·Stete 
B 
2' 
20 
a2A 


{ 
DO 
a3A 
a'A 
20 
1. 
oete 
01 
4x4 
6 
a2A 
0' 
'9 
Input 
18 
02 
Memory 
22 
Q3A 
18 
1703 
aOe 


23 } 
Wo'd 
e 
e 
17 
a1e 
2 
Output 
9 
16 
a2e , 
10 
Reed 
1S 
WE 
'5 
a3e 
11 
Reed 
0e 
Reed 
1A 
14 


2' 
12 
VSS 
Reed 
0A 
13 
Voo'" 
Pin 
24 
3-Sute 
B 
VSS· 
Pin 
12 


Voo 
Tlow , 
25°C 
Thioh' 
CharacteriS1tc 
Symbol 
Vdc 
Min 
MI. 
Mi" 
Typ# 
MI. 
Mi" 
MI. 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin 
- 
VOO orO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


VI" 
- 
OarVOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Vollage 
"0" 
Level 
VIL 
Vdc 


(VO 
- 
4.5 or 0.5 Vdc) 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(VO 
- 
9.0 or 1.0 Vdc) 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Vo - 
13.50r1.5Vdc) 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


.",. 
Level 
VIH 
(Vo - 0.5 or 4.5 Vdc) 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Vo - '.0 or 9.0 Vdc) 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Vo 
- 
1.5 or 13.5 Vdc) 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Dove Current 
(AL Device) 
IOH 
mAde 
(VOH " 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6·Vdcl 
5.0 . 
-0.64 
- 
-0.51 
-O.BB 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH; 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-B.B 
- 
-2.4 
- 


(VOL; 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.B8 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdc) 
15 
4.2 
- 
3.4 
B.B 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-O.BB 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-B.B 
- 
-2.4 
- 


(VOL 
= 0.4 Vdc) 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.8B 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdc) 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.B 
- 
2.4 
- 


Input 
Current 
tAL 
Devtce) 
lin 
15 
- 
.0.1 
- 
'0.00001 
to.l 
- 
".0 
JlAdc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
_. 
.03 
- 
'0.00001 
.0.3 
- 
".0 
I-lAdc 


Input 
Capacitance 
Cin 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(Vin = 01 


Quiescent 
Current 
(AL Device) 
100 
5.0 
- 
5.0 
- 
0.010 
5.0 
- 
150 
jJAdc 


(Per Package! 
10 
- 
10 
- 
0.020 
10 
- 
300 
15 
- 
20 
- 
0.030 
20 
- 
600 


QUIescent Currenl 
(ClICP 
OevK:e) 
'DO 
5.0 
- 
50 
- 
0.010 
50 
- 
375 
IJ.Adc 


IPer Package. 
10 
- 
100 
- 
0.020 
100 
.- 
750 
15 
- 
200 
- 
0.030 
200 
- 
1500 


Total Supply 
Current-· 
t 
IT 
5.0 
IT' 
(1.18 ~A/kHz) 
I • 100 
J,lAdc 


(Dynamic 
plus Quiescent, 
10 
IT 
0 (1.91 .••A/kHzll 
+ 100 
Per Package) 
15 
IT 
0 (2.67 ~AlkHz) 
I + 100 
(CL " 50 pF on all outputs. ai' 
buffers 
switching. 


Three-State 
leakage 
Current 
ITL 
15 
.0.1 
- 
'000001 
t 0.1 
- 
!3.0 
,lJAdc 
IAl 
Devicet 


Three-Slate 
leakage 
Current 
(TL 
15 
- 
".0 
_. 
'0.00001 
t 1.0 
- 
%1.5 
J,lAdc 
(CLlCP Devicel 


This device 
contains 
protection 
cir- 
cuitry 
to guard against 
damage 
due 
to 
high 
static 
voltages 
or 
electric 
fields. 
However, 
precautions 
must 
be taken to avoid applications 
of any 
Yoltage higher 
than 
maximum 
rated 
Yoltages to this high-impedance 
cir- 
cuit. 
For proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range VSS '" (Vin or Vout) '" VOO' 
Unused 
inputs 
must 
always 
be tied 
to an appropriate 
logic voltage 
level 
(e.g., 
either 
VSS 
or VOO). 
Unused 
outputs 
must be left open. 


UThe formulas given .re for the typical characleristics 
only at 25°C. 


tTo calculate total supply currenl at loads other than 50 pF: 


Ch8r8cterlatlc 
Symbol 
VOO 
Mln 
Typ it 
Me. 
Unit 


Output Rise and Fall Time 
ITLH. tTHL 
ns 


tTLH. tTHL ~ (1.5 ns/pF) CL + 25 ns 
5.0 
- 
100 
200 
tTLH. tTHL = (0.75 ns/pF) CL + 12.5 ns 
(Figures 3 and 6) 
10 
- 
50 
100 
tTLH. tTHL ~ (0.55 ns/pF) CL + 9.5 ns 
15 
- 
40 
80 


Propagation Delay Time 
IpLH.lpHL 
5.0 
- 
650 
1300 
ns 


Clock to Output 
(Figures 3 and 6) 
10 
- 
250 
500 
15 
- 
170 
340 


Write Enable Setup Time 
tsu 
5.0 
800 
400 
- 
ns 


IEnoblinge Write or Reed} 
(Figure 5) 
10 
300 
150 
- 
15 
200 
100 
- 


Write Enable Removal Time 
trem 
5.0 
0 
-100 
- 
ns 


(Disablinga Write or Read) 
(Figure 5) 
10 
0 
-50 
- 
15 
0 
-35 
- 


Setup Time" 
Isu 
5.0 
50 
20 
- 
ns 
Address, Data to Clock 
(Figure 3) 
10 
30 
0 
- 
15 
25 
0 
- 


Hold Time·· 
th 
5.0 
480 
160 
- 
ns 


Clock to Address. Data 
(Figure 3) 
10 
195 
65 
- 
15 
150 
50 
- 


3-State Enable/Disable Delay Time 
tpHZ, 
tpLZ 
5.0 
- 
130 
260 
ns 


tpZH. 
tpZL 
10 
- 
60 
120 


(Figures 4 and 7) 
15 
- 
45 
90 


Clock Pulse Width 
Iw 
5.0 
820 
410 
- 
ns 
(Figure 3) 
10 
330 
165 
- 
15 
220 
110 
- 


Sink Current 
Source Current 


Position 
of S 1 
2 
1 


VGS 
•• 
Voo 
-VOO 


VOS" 
Vout 
Vout 
VOO • 


• 


PGl 
I 
L 


P.G.2~ 


P.G.3~ 
Output 
---,. 
r----\ 
r- 
QnA.S 
L-J 
'---J 


FIGURE 3 
FIGURE 4 


3-818te 
- 
VOO 


- 
VOO 
A or B 


Clock 
- 
VSS 


- 
VSS 
tpZH 


tsu 
- 
VOH 


- 
VOO 
QA 


Address 
Data 
- 
VOL 
t'''' 


- 
VOH 


_ 
VOH 
QB 


90% 


Q 
- 
VOL 


- 
VOL 


Device 


Under 


Test 


Device 


Under 


Test 


{ 
Connect 
to VCC when testing tpLZ and tPZL 


Connect to GNO when testing tpHZ and tPZH 


Clock 
WE 
WrIte 
1 
Wnte 0 
Read lA 
f'ead 0A 
Read 18 
Read 0B 
J-StateA 
J-State 8 
On 
QA 
QnB 
.....r- 
, 
0 
, 
0 
, 
0 
1 
1 
1 
1 
, 
1 
-r 
, 
0 
1 
0 
1 
0 
, 
, 
1 
0 
0 
0 
~ 
X 
X 
X 
X 
X 
X 
X 
1 
, 
X 
No 
No 


Change 
Change 
X 
X 
X 
X 
X 
X 
X 
X 
0 
0 
X 
Z 
Z 
0 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 
Change 
Change 


1 
X 
X 
X 
X 
X 
X 
X 
1 
1 
X 
No 
No 
Change 
Change 
-r 
1 
0 
0 
0 
1 
1 
0 
1 
1 
On to 
Contents 
Contents 


word 0 
of word 1 of word 2 
dlsplayec 
displayed 
-r 
0 
0 
0 
0 
1 
, 
0 
1 
1 
Word 0 
Contents 
Contents 
not 
of word 1 of word 2 
altered 
dlsplaved displ.ved 


@MOTOROLA 


The MC14581B is a CM05 
4-bit ALU capable 01 providing 
16lunc- 
tions 01 two Boolean variables 
and 16 binary arithmetic 
operations 
on 
two 
14-bit 
words. 
The 
level 
01 the 
mode 
control 
input 
determines 
whether 
the output 
lunction 
is logic or arithmetic. 
The desired 
logic 
lunction 
is selected 
by applying the appropriate 
binary word to the se- 
lect inputs (50 thru 53) with the mode control input high, while the de- 
sired arithmetic 
operation 
is selected 
by applyir.g 
a low voltage to the 
mode control 
input, the required 
level to carry in, and the appropriate 
word to the select inputs. The word inputs and lunction 
outputs can be 
operated with either active high or active low data. 


Carry propagate {Pi and carry generate (G) outputs are provided to 
allow a full 
look·aheed carry scheme for fast simultaneous carry genera· 
tion 
for the four 
bits in the package. Fast arithmetic 
operations on long 
words are obtainable by using the MC145828 as a second order look aheed 
block. 
An 
inverted 
ripple 
carry 
input 
(Cn) and a ripple 
carry 
output 
(Cn+4) are included for ripple through operation. 


When the device is in the subtract 
mode (LHH LI. 
comparison of 
two 4·bit words present at the A andB inputs is provided using the A = B 
output. 
It assumesa high· level state when indicating equality. Also, when 
the ALU 
is in the subtract mode the Cn+4 output can be used to indicate 
relative magnitude as shown in this table: 


Dill 
Cn 
Cn + 4 
Magnitude 
L•••• I 


H 
H 
ASB 
Active 
L 
H 
A<B 
High 
H 
L 
A>B 


L 
L 
A2:B 


L 
L 
ASB 
Active 
H 
L 
A<B 
Low 
L 
H 
A>B 
H 
H 
A 
2: B 


• 
Functional and Pinout Equivalent to 74181. 


• 
Diode Protection on All Inputs 


• 
All Outputs Buffered 
• 
Supply Voltage Range= 3.0 Vdc to 18 Vdc 
• 
Capable 01 Driving Two Low-power TTL Loads or One Low-power 
5chollky 
TTL Load over the Rated Temperature 
Range 


Symbol 
Paramet.r 
Value 
Unll 


vDO 
DC Supply Voltage 
-0.5 
to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VDD + 0.5 
V 


lin. 'out 
Input or Output Current (DC or Transient), 
per Pin 
:10 
mA 


Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to 
+ 150 
'C 


TL 
Lead Temperature 
(8·Second Soldering) 
260 
'C 


-Maximum 
Ratings Bre those values beyond which damage to thtt device may occur. 


tTemperature 
Derating: 
Plastic "p" 
Package: - 12mWrC 
from 65°C to 85°C 
Ceramic "L" 
Package: 
- 12mW/oC from 100°C to 125°C 


u~ 
'""'" 
~nl~~RAMIC 
PACKAGE 
1 
CASE 823 


P SUFFIX 
PLASTIC 
PACKAGE 
CASE 
709 


C Serle.: 
- 40°C to + 85°C 


MC14XXXBCP 
(Plastic 
P.ck.ge) 
MC14XXXBCl 
(Cer.mic 
P.ck.ge) 


PIN ASSIGNMENT 


2. 


2 
23 


3 
22 
• 
21 


5 
20 


6 
III 


7 
18 


8 
17 


II 
UI 


10 
15 


11 
1. 


12 
13 


Voo 
Tlow . 
25°C 
Th~' 
Ch.racteristic 
Symbol 
Vd. 
Min 
M•• 
Mi" 
Typ # 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vd. 


Vin=VODorO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"'" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin= 
0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vdc 
(Va ~ 4.5 or 0.5 Vdc! 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
{Va ~ 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(Va ~ 13.5 or 1.5 Vdc! 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 
(Va = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
Vdc 
(Va ~ 1.0 or 9.0 Vdc! 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va = 1.5 or 13.5 Vdc! 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
IOH 
mAde 
(VOH = 2.5 Vdcl 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
- 


1VOH= 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
{VOH = 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH- 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


{VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL = 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
{VOL = 1.5 Vdc! 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
Device) 
IOH 
mAde 
(VOH ~ 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
- 
-0.6 
- 


{VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH ~ 9.5 Vdc! 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


(VOH= 
13.5 Vdc! 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL = 0.5 Vdcl 
10 
1.3 
- 
11 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
IAL 
Device) 
lin 
15 
- 
10.1 
- 
10.00001 
to.l 
- 
± 1.0 
J,lAdc 


Input 
Current 
(CL/CP 
Device) 
lin 
15 
- 
t 0.3 
- 
10.00001 
10.3 
- 
11.0 
~Adc 


Input 
Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vi" 
= 0) 


QUiescent 
Current 
IAL DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
",Adc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(CLlCP 
DeVIce) 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
IJAdc 


(Per 
Package) 
Ie 
- 
40 
- 
0.010 
40 
- 
300 


1~ 
- 
80 
- 
0,015 
80 
- 
600 


Total 
Supply 
Current--t 
IT 
fO 
IT - (1.8 ~A/kHz' 
f • 
100 
,lAAdc 
(DynamiC plus 
Quiescent, 
10 
IT· 
(3.7 ~A/kHzl 
f • 
100 
Per Package) 
15 
IT' 
(5.5 ~A/kHz! 
f • 
100 
ICL 
= 50 pF on all outputs, 
all 


buffers 
sWI,ching) 


··The formulas 
given are for the typical 
characteristics 
only at 2S·C. 


tTo calculate 
total supply current 
at loads other than 50 pF: 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static 
voltages 
or electric 
fields. 
How- 
ever, precautions 
must be taken to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should be constrained 
to the range VSS 
:::!EO: (Vin or Vout) 
:::!EO: VOO. 


Unused-inputs 
must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must 
be left open. 
II 


II 


Chwec:terillic 
Symbol 
VOO 
Mln 
Typ# 
Max 
Unit 


OUtput Ri•• 
and Fall Time 
'TLH· 
n. 
'TLH. ITHL - 
(1.5 nlllpF) CL + 25 n. 
ITHL 
5.0 
- 
100 
200 


'TLH.ITHL 
- 
(0.75 nlllpF) CL + 12.5 n. 
10 
- 
50 
100 


'TLH. 'THL 
- 
(0.55 nlllpFj 
CL + 9.5.n. 
15 
- 
40 
80 


ProP-oetion 
Delav Time 
tPLH, 
n. 


Sum 
in to Sum Out 
tpHL 
tpLH, 
tpHL • (1.7 n./pFI 
CL + 620 n. 
5.0 
- 
705 
1410 


tPLH. tpHL - (0.66 n./pFI 
CL + 217 n. 
10 
- 
250 
500 


tPLH, tPHL - fO.5 nl/pF) 
CL + 155 n. 
15 
- 
180 
360 


Sum in to Sum Out (Logic Mode) 
'PLH, 
n. 


tPLH. tPHL - (1.7 n./pF) 
CL + 520 nl 
tpHL 
5.0 
- 
605 
1210 


tPLH, tPHL - (0.66 n./pF) 
CL + 182 n. 
10 
- 
215 
430 


tPLH. tPHL - (0.5 n./pF) 
CL + 155 n. 
15 
- 
180 
360 


Sum in to A· 
B 
tPLH. 
nl 
tpLH. tPHL • (1.7 n./pFI 
CL + 870 n. 
tpHL 
5.0 
- 
955 
1910 
tPLH, tPHL - (0.66 n./pF) 
CL + 297 n. 
10 
- 
330 
660 


tPLH. tPHL - (0.5 nl/pFI 
CL + 220 nl 
15 
- 
245 
490 


Sum In 10 P or G 
tPLH. 
nl 
tpLH. 
tpHL - (1.7 n./pFI 
CL + 400 n. 
'PHL 
5.0 
- 
485 
970 
tPLH, tPHL - (0.66 n./pFI 
CL + 147 n. 
10 
- 
180 
360 


tPLH, 'pHL 
- (0.5 n./pFI 
CL + 105 n. 
15 
- 
130 
260 


Sum In to Cn+4 
'pLH 
nl 
tPLH, tPHL ·11.7 
n./pFI 
CL + 530 n. 
5.0 
- 
615 
1230 
tPLH. tPHL - (0.66 n./pFI 
CL + 187 nl 
10 
- 
220 
440 
tpLH. 
tpHL • (0.5 n./pFI 
CL + 135 n. 
15 
- 
160 
360 


Carry In to Sum Out 
tpLH, 
n. 
tpLH. 
tpHL - 11.7 n./pF! 
CL + 295 n. 
tpHL 
5.0 
- 
380 
760 
IPLH. tPHL - (0.66 n./pFI 
CL + 112 n. 
10 
- 
145 
290 
tPLH, tpHL - (0.5 n./pFI 
CL + 80 no 
15 
- 
105 
210 


Carry in to Cn+4 
IPLH. 
n. 
tPLH. 'pHL 
- (1.7 n./pF) 
CL + 220 n. 
tpHL 
5.0 
- 
305 
610 
tpLH, 
tpHL - (0.66 n./pFI 
CL + 87 nl 
10 
- 
t20 
240 
tPLH, tPHL - (0.5 nl/pF) 
CL + 60 no 
15 
- 
85 
170 


AC PATHS 
DC DATA 
INPUTS 
FIG.3 
TEST 
INPUTS 
OUTPUTS 
TO Vss 
TO VDD 
MODE 
WAVEFORM 


Sumin 
to SurnOut 
AO 
Any F 
Remaining 
A', 
AilS', 
Add 
", 
o.lev Tim. 
Cn 


Sumin 
to P 
AO 
P 
Remaining 
A', 
All i', 
Add 
", 
Deley Tim. 
Cn 


Sumin 
to G 
80 
G 
All A', 
Remaining 
S', 
Add 
", 
Celay 
Tim. 
Cn 


Sumin 
to Cn .•.• 
80 
Cn+v 
AliA" 
Remaining 
i', 
Add 
#2 
Delay 
Tim. 
Cn 


Cn to Surnout 
Cn 
Any 
F 
AliA', 
AilS', 
Add 
", 
Celev Tim. 


Cn to Cn+4 
Cn 
Cn •• 
All A', 
All i', 
Add 
", 
Oel.v Time 


Sumin 
to A" 
B 
AO 
A-S 
AilS', 
Cn 
Sub 
#2 
Oel.y 
Time 
Remaining 
A', 


Sumj" 
to SurnOyt 
Bo 
Any F 
Exclusive 
Delav Tim. 
All A's 
M 
OR 
#2 
I Logic 
Mode) 


VooI 
1 


Low 
for 
all outputs 
except 
Cn+4 
High for 
all outputs 
except 
Cn+4 


Load A 
TPout 
I 
TP,n 
~OPF± 


Loed A 
#1 


Load A 
TPout 


Load A 


Loed 
A 


#2 


Loed 
A 
TPout 


Load A 


Loed 
A 


Load A 


s•• AC Test 
Setup 


Aeference 


Table 


Load 
A 
TPout 
I 


0'0 
load 
A 
~OPF± 
0'1 
Loed 
A 


0'2 
Load 
A 


0'3 
loed 
A 


A-S 
Loed 
A 


Cn+4 
LOed 
A 
VOO 


G 
Loed 
A 
TPin 
p 
Loed 
A 


MC14581B 


BLOCK DIAGRAM 
BLOCK DIAGRAM 
(ACTIVE LOW) 
(ACTIVE HIGHt 


3 
F unchon 
• 
Select 


Input, 
5 
5 


6 
6 


VOO • Pin 2. 
I 


VSS • Pin 12 
2 
FO 
9 
FO 
9 
23 
23 
Word A 
Fl 
10 10u'PU, 
21 
Fl 
10 
21 
1'2 
11 
F unctton 
F2 
11 
19 
19 


1 
F3 
13 
1 
F3 
13 


Wo.d BI 
22 
22 
,. 
,. Comperi-on Output 
20 
20 
16 
Ripple 
Carry 
Output 
16 
18 
18 
G 
11 
} 
Loo'·A 
__ 
G 
11 
Carry 
In 
Carry 0 utputs 
Ji 
15 
P 
15 
Mode 
Control 
8 
8 


INPUTS/OUTPUTS 
ACTIVE 
LOW 
INPUTS/OUTPUTS ACTIVE HIGH' 


FUNCTION 
LOGIC 
ARITHMETIC' 
LOGIC 
ARITHMETIC' 
SELECT 
FUNCTION 
FUNCTION 
FUNCTION 
FUNCTION 


S3 S2 S1 SO 
(MC' 
HI 
IMC = L. Cn • LI 
(MC =HI 
(MC • L. Cn' 
HI 


L 
L 
L 
L 
A 
A minus 
1 
A 
A 


L 
L 
L 
H 
A8 
AS minus 
1 
A+8 
A+8 


L 
L 
H 
L 
A+S 
Ai 
minus 1 
AS 
A.a 


L 
L 
H 
H 
Logic 
"'" 
minus 1 
Logic 
"0" 
minu.1 


L 
H 
L 
L 
A+S 
A plus (A+B) 
AS 
A plus Ai 


L 
H 
L 
H 
B 
AS plus (A+8) 
B 
(A+8) 
plus AS 


L 
H 
H 
L 
A 0 
S 
A minus 
B minus 
1 
A0s 
A minus 
B minus 1 


L 
H 
H 
H 
A+B 
A+1i 
AB 
Ai 
minus 
1 


H 
L 
L 
L 
AS 
Aplu.(A+B) 
A+S 
A plu, AS 


H 
L 
L 
H 
A0 
S 
A plu.8 
A'"?FB 
A plus B 


H 
'- 
H 
L 
S 
Ai 
plus 
(A+8) 
8 
(A+8) 
plus AS 


H 
L 
H 
H 
A+S 
A+S 
AS 
AS 
minus 
1 


H 
H 
L 
L 
Logic "0" 
A plus A 
Logic: 
", 
•• 
A plu. 
A 


H 
H 
L 
H 
AS 
AS 
plu. 
A 
A+a 
(A+8) plu'A 


H 
H 
H 
L 
AS 
Ai 
plu,A 
A+S 
(A+i) 
plusA 


H 
H 
H 
H 
A 
A 
A 
A minus' 


@MOTOROLA 


The MC145828 is a CMOS look-ahead carry generator capable of 
anticipating 
a carry across four binary adders or groups of adders. 


The device is cascadable to perform full look-ahead across n-bit ad- 
ders. 
Carry. generate-carry. and propagate-carry functions 
are pro- 
vided asenumerated in the pin designation table shown below. 


• 
Expandable to any Number of Bits 
• 
All Buffered Outputs 
• 
Low Power Dissipation 
• 
Diode Protection on All Inputs 
• 
Supply Voltage Range = 3_0Vdc to 18 Vdc 
• 
Capable of Driving Two Low-power TTL Loads or One Low-Power 
Schottky TTL Load over the Rated Temperature 
Range 


Symbol 
Per.met.r 
Value 
Unit 


VDD 
DC 
Supply 
Voltage 
- 0.5 to + 18.0 
V 


Vin. 
Vout 
Input or Output Voltage (DC or Transient) 
-0.5 
to VOO 
+0.5 
V 


lin. 
lout 
Input 
or Output 
Current 
(DC 
or Transient), 
per 
Pin 
0<10 
mA 


PD 
Power Dissipation, 
per Packaget 
500 
mW 


Tstn 
Storage 
Temperature 
-65 to + 150 
'C 


TL 
lead Temperature (a-Second Soldering) 
260 
'C 


-Maximum Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
Plastic 
"P" 
Package: 
- 
t2mW/oC 
from 65°C 
to 85°C 
Ceramic "L" Package: - 12mWrC 
from 1cooe to 125°C 


lOGIC 
EQUATIONS 
Cn+lC 
:: GO + (J'O. 
Cn) 
Cn+y 
•• G1 .•.('Pi • c'nIl + {pi.po. Cn) 


Cn+Z 
"" G2 .•.(P2. 
Gll 
+ (P2 • p:;• GO) + (P2 • P1 • po. 
Cn) 
G = G3 + (PJ • (2) 
+ (P3 • P2 • G1) + 1P1 • Pi. 
P3 • GO) 
p=j5J.I52-rr;-Pn 


DESIGNATION 
PIN NO·, 
FJNCTION 


GO,G1,Gi,GJ 
3,1,14,5 
Active·Low 
Carrv·Generate 
lnpun 


PO.p 1.P2,P3 
4,2,15.6 
Active· 
Low 
Carry·Propagate 
Inputs 


Cn 
13 
Carry 
Input 


Cn .••. 
Cn+y 
12,11.9 
Carry 
Outpun 
Cn .• z 


G 
10 
Active·Low 
Group 
Carry·Generate 
Output 


p 
7 
Active·Low 
Group 
Carry-Propagate 
Output 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


PSUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40·C 
to + 8S·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


PIN ASSIGNMENT 


16 •• 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


Voo 
Tlow , 
25°C 
Thioh' 


Characteristic 
Symbol 
Vde 
Min 
M•• 
Min 
Typ# 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" Level 
VOL 
50 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vde 


Vin = VOO or 0 
10 
- 
0.05 
-- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"". 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vde 


Vln = 0 or VOO 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" Level 
VIL 
Vde 
(Va 
= 4.5 or 0.5 Vdcl 
5.0 
-- 
1.5 
- 
2.25 
1.5 
- 
1.5 


(Va 
= 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
(Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"1" 
Level 
VIH 


(Va 
= 0.5 
0< 4.5 Vdcl 
5.0 
3.5 
.- 
3.5 
2.75 
- 
3.5 
- 
Vdc 


(Va 
= 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
(Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
Device) 
10H 
mAde 


(VOH = 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH 
= 4.6 Vdc) 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH = 9<5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 


(VOH = 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.8 
- 
-2.4 
- 


(VOL 
= 0.4 Vdcl 
Sink 
taL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = 1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive Current 
(CLlCP 
Device I 
10H 
mAde 
(VOH 
= 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 


1VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 


1VOH = 13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL = 0.4 Vdcl 
Sink 
10L 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 


(VOL 
= 0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 


(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current 
(Al 
Device) 
lin 
15 
-- 
to.l 
- 
.0.00001 
to.l 
:!: 1.0 
j.lAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
, 0.3 
- 
'0.00001 
.1 0.3 
- 
, 1.0 
J,lAdc 


Inpul 
Capacitance 
Cin 
- 
-- 
- 
- 
50 
7.5 
- 
- 
pF 


(Vin 
'" 01 


QUiescent 
Current 
(AL 
DeVice) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
/olAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
_. 
20 
- 
0.015 
20 
- 
600 


QUIescent Current 
ICLlCP 
Devlcel 
100 
50 
- 
20 
- 
0.005 
20 
- 
150 
IlAdc 
(Per Package) 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0.015 
80 
- 
600 


Total 
SupplV 
Current--1 
IT 
5.0 
IT = 11.4 _A/kHz) 
f + 100 
jolAdc 


(DynamiC 
plus Quiescenl, 
10 
IT' 
12.8 _A/kHzl 
I + 100 
Per Package) 
15 
IT = 14.3 _A/kHz I I + 100 
ICL 
,...50 pf- 
on all outputs, 
all 


buffers 
SWitching) 


ThiS device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high static 
voltages 
or electric 
fields. 
How- 
ever, precautions 
must be taken to avoid applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this high- 
impedance 
circuit. 
For proper operation, 
Vin and Vout should 
be constrained 
to the range VSS 
:l!i (Vin or Vout) 
:s;; VOO' 


Unused 
inputs 
must always 
be tied to an appropriate 
logic 
voltage 
level 
(e.g., 
either 
VSS or VOO). 
Unused 
outputs 
must be left open. 


Ch.raet.ristic 
Symbol 
VOO 
Min 
Typ" 
Mox 
Unit 


Output Rise and Fall Time 
tTLH. 
n. 
tTLH. tTHl = (1.5 ns/pF) Cl 
+ 25 ns 
tTHl 
5.0 
- 
lOa 
200 
tTlH. tTHl = (0.75 ns/pF) Cl 
+ 12.5 ns 
10 
- 
50 
100 
tTlH. tTHl = (0.55 ns/pF) Cl 
+ 9.5 ns 
IS 
- 
40 
80 


~a~tion 
Delay Time 
IpLH. 


I 


n. 
IPlH. 
IpHl" 
11.7 nSipFI Cl + 260 n. 
IpHL 
5.0 
- 
345 
690 
IPlH. 
IPHl 
• 10.66 ns/pFI Cl + 107 n. 
I 


10 
- 
140 
280 
tPlH 
IPHl 
- (0.5 ns/pFI Cl + 85 n. 
15 
- 
110 
220 


CLI 
CLI 
-= 
CLX -= 
CLX 
- 


CL~ 
- 


• 


• 


AC PATHS 
DC DATA 


INPUT 
OUTPUT 
To Vss 
To VOD 


PO 
P 
R.ma,nll'lI 
ch 
P·s. en 


GO 
G 
p .•. en 
Remaln,ng 
ch 


Cn 
en••. en•.•. 
p', 
ch- 
en+l 


"00 
",n 
"ss 


"OH 
Vout 


@ MOTOROLA 


The MC14583B 
is a dual Schmitt 
trigger constructed with com- 
plementary 
P-channel and N-channel MOS devices on a monolithic 
silicon substrate. Each Schmitt 
trigger is functionally 
independent 
except for a common 3-state input and an internally-connected 
Ex- 
clusive OR output 
for use in line receiver applications. Trigger levels 
are adjustable through the positive, negative, and common terminals 
with the use of external resistors. Applications 
include the speed-up 
of a slow waveform edge in interface receivers, level detectors, etc. 


• 
Diode Protection on All Inputs 


• 
Supply Voltage Range = 3.0 Vdc to 18 Vdc 


• 
Single Supply Operation 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load Over fhe Rated Temperature Range 


• 
Resistor Adjustable Trigger Levels 


Symbol 
P.r.met.r 
V.lue 
Unit 


VOO 
DC Supply Voltage 
-0.5to 
+18.0 
V 


Vin, Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient). per Pin 
±10 
mA 
Po 
Power Dissipation, per Packaget 
500 
mW 


Tata 
Storage Temperature 
-65 
to 
+ 150 
·C 


TL 
Lead Temperature 
(S-Second Soldering) 
260 
·C 


-Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" Package: - 12mWrc from 65°C to 85°C 
Ceramic "L" Package: -12mwrC 
from lOOoe to 125°C 


PO.hlve 82 2 
3 
1 Common 8 
Negetlve 
B 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 4Q·C to + 85·C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


Apos AN-V 
Aaom 


Ai" 
Aout 
Aout 


INPUTS 
OUTPUTS 


A 
B 
DIs 
An ••• 
A~ •• 
B~ 
II 
c+l 
0 
0 
0 
0 
Z 
0 
Z 
0 
0 
0 
1 
0 
1 
0 
1 
0 
0 
1 
0 
0 
Z 
1 
Z 
1 
0 
1 
1 
0 
1 
1 
0 
1 
1 
0 
0 
1 
Z 
0 
Z 
1 
1 
0 
1 
1 
0 
0 
1 
1 
1 
1 
0 
1 
Z 
1 
Z 
0 
1 
1 
1 
1 
0 
1 
0 
0 


• 


Voo 
Tlow + 
250C 
Thi h+ 


Characteristic 
Symbol 
Vdc 
Min 
Mo. 
Min 
Typ# 
Mo. 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vin-VOD or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
-- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


VlnaO or VOO 
.10 
9.95 
- 
9.95 
10 
- 
9.95 
- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
VOltage 
A and B 
"0" 
Level 
VIL 
Vdc 


(VO " 4.5 or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 


,YO = 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 


(VO = 13.5 or 1.5 Vdcl 
15 
- 
4.0 
-- 
6.75 
4.0 
- 
4.0 


"1" Level 
VIH 
(VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
35 
- 
Vdc 


(VO' 
1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


(VO = 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
-- 
11.0 
-- 


Output 
Drive Current 
(AL DeVice) 
IOH 
mAde 


(VOH ·2.5 
Vdc) 
Source 
5.0 
-1.2 
- 
-1.0 
-1.7 
- 
-0.7 
-- 


1VOH = 4.6 Vdcl 
5.0 
-0.25 
- 
-0.2 
-0.36 
- 
-0.14 
- 
(VOH = 9.5 Vdcl 
10 
-0.62 
- 
-0.5 
-0.9 
- 
-0.35 
- 
(VOH' 
13.5 Vdcl 
15 
-1.8 
- 
-1.5 
-3.5 
- 
-1.1 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL = ,1.5 Vdcl 
15 
4.2 
-- 
3.4 
8.8 
- 
2.4 
-- 


Output 
Drive Current 
ICLlCP 
Devicel 
IOH 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-1.0 
- 
-0.8 
-1.7 
.- 
-0.6 
- 


(VOH • 4.6 Vdc) 
5.0 
-0.2 
- 
-0.16 
-0.36 
- 
-0.12 
- 


1VOH • 9.5 Vdci 
10 
-0.5 
- 
-0.4 
-0.9 
- 
-0.3 
- 


(VOH = 13.5 Vdcl 
15 
-1.4 
- 
-1.2 
-3.5 
-- 
-(0 
-- 


(VOL· 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
-- 
0.44 
0.88 
-- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
.- 


,(VOL 
= 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input 
Current 
CAl Dev~el 
lin 
15 
- 
10.1 
-- 
10.00001 
to 1 
:t 1.0 
,.,Adc 


Input 
Current 
(CL/CP 
Device I 
lin 
15 
-- 
! 0.3 
- 
10.00001 
10.3 
- 
11.0 
IJAdc 


Input 
Capacitance 
Gin 
- 
-- 
- 
5.0 
7.5 
- 
- 
pF 
(Von = 01 


Quiescent 
Current 
(AL 
Device) 
'DO 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJAdc 


(Per Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15.0 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30.0 


QUiescent Current 
(CLlCP 
Device) 
100 
5.0 
-- 
1.0 
-- 
0.0005 
1.0 
- 
7.5 
J,lAdc 


IPer PackageI 
10 
-- 
2.0 
-- 
0.0010 
2.0 
- 
15.0 
15 
- 
4.0 
- 
0.0015 
4.0 
-- 
30.0 


Total Supply 
Current--t 
IT 
5.0 
IT = fl.33 
~A/kHzl 
f + 100 
JJAdc 


(Dynamic 
plus Quiescent, 
10 
IT • (2.65 ~A/kHz) 
f + 100 
Per Package I 
15 
IT' 
(3.98 ~A/kHzl 
f + 100 
fCL "'.50 pF on-all outputs. all 


buffers 
switching) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
± 0.1 
- 
-0.סס oo1 
± 0.1 
- 
,3.0 
JoIAdc 


IAL Device) 


Three-State 
Leakage 
Current 
ITL 
15 
- 
11.0 
- 
-000001 
t 1.0 
- 
17.5 
.uAdc 


(CLlCP 
Devicel 


PIN ASSIGNMENT 


16 


2 
15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


This 
device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static 
voltages 
or electric 
fields. 
However, 


precautions 
must be taken 
to avoid 
applications 
of any voltage 
higher 
than maximum 
rated voltages 
to this 
high-impedance 
circuit. 
For proper operation, 
Vin and Vout should 
be constrained 
to the range VSS 
'l!i (Vin or Vout) 
'l!i VOO' 


Unused inputs must always be tied to an appropriate 
logic voltage 
level (e.g., either VSS or VOO). Unused outputs 
must be left 
open. 


Characteristic 
Symbol 
VOO 
Min 
Typ# 
Mox 
Unit 


Output 
Rise Time 
tTLH 
ns 


tTLH: 
(3.0 ns/pF) 
CL + 30 ns 
5.0 
- 
180 
360 


tTLH' 
(1.5 ns/pF) 
CL + 15 ns 
10 
- 
90 
180 


tTLH 
z 11.1 ns/pFI 
CL + 10 ns 
15 
- 
65 
130 


Output Fall Time 
tTHL 
ns 


tTHL 
z (1.5 ns/pF) 
CL + 25 ns 
5.0 
- 
100 
200 


tTHL 
z (0.75 ns/pFI 
CL + 12.5 ns 
10 
- 
50 
100 


'THL 
z 10.55 ns/pFI 
CL + 9.5 ns 
15 
- 
40 
80 


ProPagation Delay Time 
'PLH. 
ns 


Ain. Bin to Aout• Bout 
tPHL 
'PLH. 
tpHL 
Z (1.7 ns/pF) 
CL + 565 ns 
5.0 
- 
650 
1300 


tPLH. 
'PHL 
- (0.66 ns/pF) 
CL + 197 ns 
10 
- 
230 
460 


'PLH. 
tpHL 
= (0.5 ns/pF) 
CL + 125 ns 
15 
- 
150 
300 


Ain. Bin to Aout• Bout 
tPLH. 
ns 


tpLH. 
tPHL 
Z (1.7 ns/pFI 
CL + 1015 ns 
'PHL 
5.0 
- 
1100 
2200 


tpLH. 
'PHL 
• (0.66 ns/pF) 
CL + 347 ns 
10 
- 
380 
760 


'PLH. 
'PHL 
- (0.5 ns/pFI 
CL + 235 ns 
15 
- 
260 
520 


Ain. Bin to Exclusive OR 
'PLH. 
ns 


'PLH. 
tpHL 
- (1.7 ns/pFI 
CL + 665 ns 
tpHL 
5.0 
- 
750 
1500 


tPLH. 
tPHL 
Z (0.66 ns/pF) 
CL + 257 ns 
10 
- 
280 
560 


tpLH. 
tPHL 
• (0.5 ns/pF) 
CL + 145 ns 
15 
- 
170 
340 


3·State Enable. Disable Delay Time (see figure 5) 
ton. 
ns 


'on. 
'off' 
(1.7 ns/pF) 
CL + 140 ns 
toff 
5.0 
- 
225 
450 


ton. 
toff' 
(0.66 ns/pF) 
CL + 57 ns 
10 
- 
90 
180 


'on. 
'off 
= (0.5 ns/pF) 
CL + 30 ns 
15 
- 
55 
110 


Positive Threshold Voltage 
VT+ 
5.0 
3.30 
Vdc 
(Rl. 
R2 z 5.0 kn) 
10 
- 
5.70 
- 
15 
- 
8.20 
- 


Negative Threshold Voltage 
VT_ 
5.0 
- 
1.70 
- 
Vdc 
(Rl. 
R2 - 5.0 kn) 
10 
- 
4.30 
- 
15 
- 
6.80 
- 


Hysteresis Voltage 
VH 
5.0 
0.85 
1.70 
3.40 
Vdc 
(Rl. 
R2 - 5.0 kn) 
10 
0.70 
1.40 
2.80 
15 
0.70 
1.40 
2.80 


Threshold Vottage Variation. 
A to 8 
6VT 
5.0 
- 
0.1 
- 
Vdc 
(Rl. 
R2 - 5.0 kn) 
10 
- 
0.15 
- 
15 
- 
0.20 
- 
• 


• 


Voo 
Vout 


Voo 


VSS 
A •• 
11 


SWI 


Ois 


Bin 
Bout 
SW2 


VSS 
-= 


OUTPUT 
SOURCE 
OUTPUT 
SINK 


CHARACTERISTICS 
CHARACTERISTICS 
::~~E{~~~:~:~~Voa 
::~~E 
{~~:~: 


OUTPUT 
SWITCH 
POSITION 
SWITCH 
POSITION 


UNDER 
TEST 
SW' 
SW2 
SW, 
SW2 


"Ou1. 
80 •.•, 
I 
, 
2 
2 


Aout.80ut 
2 
2 
, 
I 


E.clu.i",. 
OR 
, 
2 
, 
I 


fOu •• A;n~ 


fout_ Bin 


FIGURE 3 - TYPICAL THRESHOLD POINTS 


A - Fetldbeck tchem. for Ind.pend.,t 
threshold 
.ctjunment: 
80 


R, 
POSi,;,o:a 


Common 


R2 
N••• tlv. 


POoltl":::3 
R, 
Common 


Negetlve 


"070 
0> 
'";:60 
~ 
zf 
9 SO 
0!40 


"" 
% 
I-~ 30 
~ 
i:> 
20 
I- 


10 
10 
20 
40· '100 


VSS' 0 
___ 
VOO·S.oV 
---VOO"oV 
111~;jIi~O~;~Si~1 
1.Dk 
10k 
lOOk 
1.011 


Rl. R2. RESISTANCE 10HIISI 


VOO 


Ain 
Aout 


AOut 


Oi. 
e 


Bout 


Bin 


- 
-,--VOH, 
----VOL 


-- 
-,--VOH 
I 
- 
_I __ 
-VOL 


TEST 
SWITCH POSITION 


ton 
HL 
1 


ton LH 
, 


toft 
HL 
2 


toff 
LH 
1 


Pul •• 
Gener.tor 1 
Ain 
AOU! 


Aout 
Pul •• 
Oil 
e 
Generator 
2 


Bout 


Bin 
Bout 


--I 
\ 


VOO 


Ain 


VSS 


~ 
\ 


VOO 
Bin 


VSS 


VOO 
3-5t.ta 
0fMbie 


Aout 
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The MC14584B 
Hex Schmitt Trigger is constructed 
with MOS 
P-channel and N-channel enhancement 
mode devices in a single 
monolithic 
structure. 
These devices 
find primary 
use where low 
power dissipation 
and/or 
high noise 
immunity 
is desired. 
The 
MC14584B may be used in place of the MC14069UB hex inverter 
for enhanced 
noise 
immunity 
to "square 
up" 
slowly 
changing 
waveforms. 


• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load over the Rated Temperature 
Range 


• 
Double Diode Protection 
on All Inputs 


• 
Can Be Used to Replace MC 14069UB 


• 
For Greater 
Hysterisis. 
Use MC 141 06B 
which 
is Pin-for-Pin 
Replacement 
for CD401 06B and MM 74C 14 


Symbol 
Parameter 
Value 
Unit 


VOO 
DC Supply 
Vollage 
0510" 
180 
V 


Vm 
Vou1 
Input 
or Output 
Voltage 
(DC 
or 
TranSient) 
0510 
VOO 
·05 
V 


'm. 
lout 
Input 
or Output 
Current 
(DC 
or 
TranSient) 
per 
Pm 
• 10 
mA 


Po 
Pcwer 
DISSipation, 
per Packaget 
500 
mW 


1slo 
Storage 
Temperature 
6510 
- ISO 
C 


T L 
Lead 
Temperature 
(B-Second 
Soldering) 
260 
C 


"MaXimum 
Ratings 
are 
those 
values 
beyond 
whIch 
damage 
10 tne 
device 
may 
occur 


tTemperature 
OerCllmg 
PlastiC 
"p 
Package 
12mW ~C Irom 
65'"C to 85'C 


CeramiC 
"L 
Package 
12mW 
'C 
from 
IOO'C 
10 12S"C 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to 
high static 
voltages 
or electric 
fields. 
However, 
precautions 
must be taken 
to avoid applications 
of any voltage 
higher than maximum 
rated voltages 
to 
this high-impedance 
circuit. 
For proper 
operation, 
Vin and Vout should 
be 


constrained 
to the range VSS 
'G: (Vin or Vout) 
os;; VOD- 


Unused inputs must always be tied to an appropriate 
logic voltage level (e.g., 


either VSS or VOO)' Unused outputs 
must be left open. 


HEX 
SCHMITT 
TRIGGER 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
632 


P SUFFIX 


PLASTiC 
PACKAGE 


CASE 
646 


C Series: 
- .O"C 
10 + 85"C 


MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


11~10 


1~~12 


Voo 
Tlow " 
25°C 
ThiGh" 


Ch.recteristic 
Symbol 
Vdc 
Min 
MI' 
Mi" 
Typ# 
MI' 
Min 
MI' 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
0.05 
Vdc 


Vin 
"" VOO 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vin = 0 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Output 
Drive Current 
IAL Devicel 
'OH 
mAde 


(VOH • 2.5 Vdcl 
Source 
5.0 
-3.0 
- 
-2.4 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdcl 
10 
-1.6 
- 
-1.3 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8B 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
'OL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 
(VOL' 
1.5 Vdcl 
15 
4.2 
- 
3.4 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
ICLlCP 
Device I 
'OH 
mAde 
(VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
- 
(VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
-0.44 
-0.88 
- 
-0.36 
- 
(VOH • 9.5 Vdc) 
10 
-1.3 
- 
-1.1 
-2.25 
- 
-0.9 
- 
(VOH' 
13.5 Vdcl 
15 
-3.6 
- 
-3.0 
-8.8 
- 
-2.4 
- 


(VOL' 
0.4 Vdcl 
Sink 
IOL 
5.0 
0.52 
- 
0.44 
0.88 
- 
0.36 
- 
mAde 
(VOL' 
0.5 Vdcl 
10 
1.3 
- 
1.1 
2.25 
- 
0.9 
- 
(VOL 
r 1.5 Vdcl 
15 
3.6 
- 
3.0 
8.8 
- 
2.4 
- 


Input Current CAL Device) 
lin 
15 
- 
to.l 
- 
to.OOOOl 
to.l 
- 
t 1.0 
IJAdc 


Input 
Current 
(CLlCP 
Device) 
lin 
15 
- 
t 0.3 
- 
to.OOOOl 
to.3 
- 
t 1.0 
,..:Adc 


Input Capacitance 
Gin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 
(V;n' 
01 


Ouiescent Current (AL DeVice) 
'DO 
5.0 
- 
0.25 
- 
0.0005 
0.25 
- 
7.5 
IJAdc 
IPer Package) 
10 
- 
0.50 
- 
0.0010 
0.50 
- 
15 
15 
- 
1.00 
- 
0.0015 
1.00 
- 
30 


QUiescent 
Current 
ICLlCP 
DeVIce) 
'DO 
5.0 
- 
1.0 
- 
0.0005 
1.0 
- 
7.5 
IJAdc 
(Per 
Package) 
10 
- 
2.0 
- 
0.0010 
2.0 
- 
15 
15 
- 
4.0 
- 
0.0015 
4.0 
- 
34 


Total 
SupplV 
Current-· 
t 
IT 
5.0 
IT' 
(1.8I'A/kHzl 
f + 'DO 
IJAdc 
(Dynamic 
plus 
Quiescent, 
10 
IT = (3.6 I'A/kHzl 
f + 'DO 
Per 
Package) 
15 
IT' 
(5.4I'A/kHzl 
f + 100 
ICL ,..,50 pF on all outputs, all 


buffers 
switching) 
Hysteresis Voltage 
VHt 
5.0 
0.27 
1.0 
0.25 
0.6 
1.0 
0.21 
1.0 
Vdc 
10 
0.36 
1.3 
0.30 
0.70 
1.2 
0.25 
1.2 
15 
0.77 
1.7 
0.60 
1.1 
1.5 
0.50 
1.4 


Threshold 
Voltego 
POlitiWJ~oing 
VT+ 
5.0 
1.9 
3.5 
lB 
2.7 
3.4 
1.7 
3.4 
Vdc 
10 
3.4 
7.0 
3.3 
5.3 
8.9 
3.2 
6.9 
15 
5.2 
10.6 
5.2 
8.0 
10.5 
5.2 
10.5 
N.,lve-Going 
VT_ 
5.0 
1.6 
3.3 
1.6 
2.1 
3.2 
1.5 
3.2 
Vdc 


'0 
3.0 
6.7 
3.0 
4.6 
6.7 
3.0 
6.7 
'5 
4.5 
9.7 
4.6 
6.9 
9B 
4.7 
9.9 


where: 
IT is in ~A (per package), 
CL in pF, V - 
(VOO - VSS) in volts, 


t in kHz is input frequency, 
and k = 0.001 . 


• VH - VT+ - VT _ (But maximum 
variation 
of VH is specified I' 
1- thin 
VT+ mo. 
- VT _ minI. 


Voo 
Chlirectwistic 
Symbol 
Vd. 
Min 
Typ# 
M•• 
Unit 


Output 
A ise Time 
'TLH 
5.0 
- 
100 
200 
nl 
10 
- 
50 
100 
15 
- 
40 
80 


Output 
Fill 
Time 
'THL 
5.0 
- 
100 
200 
nl 
10 
- 
50 
100 


15 
- 
40 
80 


Propagation 
DeilY 
Time 
'PLH.'PHL 
5.0 
- 
125 
250 
n. 
10 
- 
50 
100 
15 
- 
40 
80 


Vln~Vout 


VH -------------''oo 
1._ ~~ 
- 
~VT+ 
T/I--~~--VT- 


I 
I 
"ss 
I 
I 
I 


-------------~---"oo 


VH~ 
V. Ti.=- 
__ 
-~ 
__ 
-.=VVT+ 


10 
T- 


I 
i 
I 
I 
I 
I 
I 
V55 


I 
I 
I 
I 
I 
I 
I 


VT- 
Vr+ 
--I 
VH I-- 


Vift. INPUT VOLTAGE 
(Vde) 


The MC 14585B 
4-Bit Magnitude 
Comparator 
is constructed 
with complementary 
MOS (CMOS) enhancement 
mode devices. 


The circuit has eight comparing 
inputs (A3, B3, A2, B2, A 1, B1, 


AO, BO), three 
cascading 
inputs 
(A<B, 
A=B, 
and A>B), 
and 
three outputs (A<B, 
A = B, and A>B). 
This device compares two 
4-bit 
words 
(A and B) and determines 
whether 
they are "less 
than", 
"equal to", 
or "greater 
than" 
by a high level on the app- 
ropriate output. 
For words greater than 4-bits, 
units can be cas- 


caded by connecting 
outputs 
(A> B), (A< B), and (A = B) to the 
corresponding 
inputs of the next significant 
comparator. 
Inputs 
(A < B), (A = B), and (A> B) on the least significant 
(first) compa- 
rator are connected 
to a low, a high, and a low, respectively. 


Applications include logic in CPU's, correction and/or detection 
01 instrumentation 
conditions, 
comparator 
in testers, converters, 


and controls. 


• 
Diode Protection 
on All Inputs 
• 
Expandable 
• 
Applicable 
to Binary or 8421-BCD 
Code 
• 
Supply Voltage 
Range = 3.0 Vdc to 18 Vdc 
• 
Capable 01 Driving Two Low-power TTL Loads or One Low-power 
Schottky TTL Load over the Rated Temperature Range 


• 
Can be Cascaded - See Fig. 3 


Symbol 
Paramet.r 
Value 
Unit 


VOO 
DC 
Supply 
Voltage 
-0.5 
to + 18.0 
V 


Vin. Vout 
Input or Output Voltage (DC or Transient) 
- 0.5 to VOO 
+ 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 


Po 
Power Dissipation, 
per Packaget 
SOO 
mW 


Talo 
Storage Temperature 
-65 to + 150 
·C 


TL 
Lead Temperature (S·Second Soldering) 
260 
·C 


·Maximum Ratings are those values beyond which damage 10the device may occur. 
tTemperature Derating: Plastic "p" 
Package: - 12mWrC from 65DC 1085°C 
Ceramic "l" 
Package: -12mWrC from 1000e to 125°C 


INPUTS 


COMPArUNG 
CASCADING 
OUTPUTS 


A3,B3 
A2, 
B2 
A1, 
B1 
AO, BO 
A<B 
A~B 
A>B 
A<B 
A-B 
A>B 
A3>B3 
x 
x 
x 
x 
x 
x 
0 
0 
1 
A3 = B3 
A2>B2 
x 
x 
x 
x 
x 
0 
0 
1 
A3=B3 
A2=B2 
A1>B1 
x 
x 
x 
x 
0 
0 
1 
A3 =B3 
A2 = B2 
A1 =B1 
AO>BO 
x 
x 
x 
0 
0 
1 
A3 - B3 
A2 - B2 
A1 -B1 
AO- 
BO 
0 
0 
x 
0 
0 
, 
A3~ 
B3 
A2 ~ B2 
A1 =B1 
AO= BO 
0 
1 
x 
0 
1 
0 
A3~B3 
A2 ~B2 
A1 ~B1 
AO~ BO 
1 
0 
x 
1 
0 
0 
A3~B3 
A2 ~B2 
A1 ~B1 
AO~BO 
1 
1 
x 
1 
1 
0 
A3 
B3 
A2 
B2 
A1-B1 
AO<BO 
x 
x 
x 
1 
0 
0 


A3 ~B3 
A2~ 
B2 
A1<B1 
x 
x 
x 
x 
, 
0 
0 
A3= 
B3 
A2<B2 
x 
x 
x 
x 
x 
1 
0 
0 
A3<B3 
x 
x 
x 
x 
x 
x 
1 
0 
0 


L SUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 


PLASTIC 
PACKAGE 


CASE 
648 


C Series: 
- 40"C to + 8S"C 
MC14XXXBCP 
(Plastic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


BLOCK DIAGRAM 


4 
(A> 
Blm 


6 
(A"'Bljn 


S 
(A<B)jn 
(A >Blout 
'3 
10 
AO 


11 
80 


A1 
(A"'Blout 


9 
8t 


A2 


82 
(A<Blout 
12 


1S 
A3 


t4 
83 


VOD 
= Pm 
16 


Vss 
• 
Pin 
8 


Voo 
Tlow· 
25°C 
Thigh• 


Ch.recte,istic 
Symbol 
Vdc 
Min 
M•• 
Min 
Typ ., 
M•• 
Min 
M•• 
Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
0 
0.05 
- 
0.05 
Vdc 


Vi" = VOO or 0 
10 
- 
0.05 
- 
0 
0.05 
- 
0.05 
15 
- 
0.05 
- 
0 
0.05 
- 
0.05 


"1" 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 
Vi" ". 0 or VOD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
-- 


15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input 
Voltage 
"0" 
Level 
VIL 
Vdc 
{Va 
·4.5 
or 0.5 Vdcl 
5.0 
- 
1.5 
- 
2.25 
1.5 
- 
1.5 
{VO " 9.0 or 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
{Va 
= 13.5 or 1.5 Vdcl 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"". 
Level 
VIH 
Vdc 
{VO = 0.5 or 4.5 Vdcl 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
{VO = 1.0 or 9.0 Vdcl 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 


{Va 
= 1.5 or 13.5 Vdcl 
15 
11.0 
- 
11.0 
8.25 
- 
11.0 
- 


Output 
Drive 
Current 
(AL 
DeVice) 
IOH 
mAde 
{VOH = 2.5 Vdcl 
Source 
5.0 
-3_0 
- 
-2.4 
-4.2 
- 
-1.7 
- 


1VOH = 4.6 Vdcl 
5.0 
-0.64 
- 
-0.51 
-0.88 
- 
-0.38 
- 


{VOH • 9.5 Vdcl 
10 
-1.8 
- 
-1.3 
-2.25 
- 
-0.9 
- 


1VOH • 13.5 Vdcl 
15 
-4.2 
- 
-3.4 
-8.A 
- 
-2.4 
- 


{VOL 
= 0.4 Vdcl 
Sink 
IOL 
5.0 
0.64 
- 
0.51 
0.88 
- 
0.36 
- 
mAde 


1VOL • 0.5 Vdcl 
10 
1.6 
- 
1.3 
2.25 
- 
0.9 
- 


{VOL' 
1.5 Vdcl 
15 
4.2 
- 
34 
8.8 
- 
2.4 
- 


Output 
Drive 
Current 
(CLlCP 
DeVice) 
IOH 
mAde 
1VOH • 2.5 Vdcl 
Source 
5.0 
-2.5 
- 
-2.1 
-4.2 
- 
-1.7 
.• 


{VOH • 4.6 Vdcl 
5.0 
-0.52 
- 
--0.44 
-0.88 
- 
-0.36 
- 


{VOH = 9.5 Vdcl 
10 
-1.3 
- 
-1.1 
-2.25 
-- 
-0.9 
_. 


{VOH' 
13.5 Vdcl 
15 
-4.2 
- 
-3.0 
-8.8 
- 
-2.4 
- 


{VOL = 0.4 Vdc} 
Sink 
IOL 
5.0 
0.52 
-- 
0.44 
0.88 
- 
0.36 
- 
mAde 
{VOL' 
0.5 Vdc} 
10 
1.3 
- 
1.1 
2.25 
- 
09 
- 


(VOL' 
1.5 Vdcl 
15 
36 
- 
3.0 
8.8 
2.4 
- 


Input 
Current 
IAL 
Device) 
I,n 
15 
- 
±0.1 
- 
'0.00001 
to 1 
- 
! 1.0 
jJAdc 


Input 
Current 
ICLlCP 
Devicel 
Ii" 
15 
'03 
- 
W.OOOOI 
'03 
- 
, 1.0 
J,lAdc 


Input 
Capacitance 
Gin 
- 
- 
- 
50 
7.5 
- 
- 
pF 


.IVin = 01 


Quiescent 
Current 
(Al 
Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
lJAdc 


(Per 
Package) 
10 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


QUiescent 
Current 
(ClICP 
DeVIce) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
,l.lAdc 


(Per Package I 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0-015 
80 
- 
600 


Total 
SupplV 
Current-· 
t 
IT 
5.0 
IT' 
(0.6 "A/kHzl 
f 
• 100 
jJAdc 


(Dynamic 
plus 
Quiescent, 
10 
IT' 
(1.2 "A/kHzl 
I • 100 


Per 
Package) 
15 
IT' 
(1.8 "A/kHzl 
I + 100 
eeL = 50 pF on all outpulS, 
all 


buffers 
switching) 


PIN ASSIGNMENT 


16 


15 


3 
14 


4 
13 


5 
12 


6 
11 


10 


8 
9 


Ch.rectermic 
Symbol 
VOO 
Min 
Typ# 
M•• 
Unit 


Output Rlee and Fall Time 
tTLH, 
n. 
tTLH, 'THL 
- 
(1.5 nslpF) CL + 25 ns 
tTHL 
6.0 
- 
100 
200 
'TLH, tTHL - 
(0.75 ns/pF) CL + 12.5 ns 
10 
- 
50 
100 
tTLH, 'THL 
- 
(0.55 ns/pF) CL + ~.5 ns 
16 
- 
40 
80 


Turn-on. 
Turn-Off Del.y 
Time 
'PLH, 
n. 
'pLH, 
'PHL' 
(1.7 n./pFI 
CL + 346 n. 
tPHL 
6.0 
- 
430 
860 
'PLH, 
'pHL 
• (0.66 n./pFI 
CL + 147 n. 
10 
- 
180 
360 
'pLH, 
'pHL' 
(0.6 n./pFI 
CL + 105 n. 
16 
- 
130 
260 


·The formul •• 
given 
.re 
for the typical 
charaeterlatlc. 
only at 2S·C. 


#Oata 
labelled 
"Typ" 
Is not to be used 
for design 
purpo ••• 
but I. 


Intended 
as an indication 
of the IC'. 
potential 
performance. 


J{}E 


20n• 


20ns 
_ 


A3 


-------VSS 
1 


~ 


2f 
VOO 
83 
VSS 


IA>8lout J\~ 
_ 


(A-B)out 
...J/\~ _ 


Inputs IA>B) 
and lA-B) 
high. and inputs 82. A2. 81. At. 
80. 
AO and (A< 
B) low 
f in respect to a tyltem clock. 


This device 
contains 
protection 
circuitry 
to guard 
against 
damage 
due to high 
static 
voltages 
or electric 
fields. 
How- 
ever, precautions 
must be taken 
to avoid 
applications 
01 any voltage 
higher 
than maximum 
rated voltages 
to this high- 
Impedance 
circuit. 
For proper 
operation, 
Vln and Vout should 
be constrained 
to the range VSS '" (Vln or Vout) 
'" VOO' 


Unused 
Inputs must always 
be tied to an appropriate 
logic voltage 
level (e.g .• either 
VSS or VOO)' Unused 
outputs 
must 
be Ie" open. 


WOAD 
8'" 
811 
810 
89 
88 
B7 
B6 
85 
84 
63 
62 
81 
80 
WORD 
A'" 
A11 
A10 
A9 
AS 
A7 
A6 
A5 
A4 
A3 
A2 
A1 
AO 


Output 
m 
CD 
CD 


V 
• 
" 
<t 
<t 
~ 


iii 
iii 
iii 


V 
" 
1\ 
~ 
<t 
~ 
Outputs 


(A>B);n~ 


II 


The MC14597B and MC14598B are 8-bit latches, one addressed 
with an internal counter 
and the other addressed with an external 
binary address. The 8 latch-outputs 
are high drive, three-state and 
bus line compatible. 
The drive capability allows direct applications 
with MPU systems such as the Motorola 6800 family. 


With MC14597B, a J.bit address counter (clocked on the falling 
edge of Increment) 
selects the appropriate 
latch. The latches of 
the MCI4598B are accessed via the Address pins, AO, AI, and A2. 
A Full Flag is provided on the MC14597B to indicate the position 
of the Address counter. 


All 8 outputs 
from the latches are available in parallel when 
Enable is in ·the low state. 
Data is entered 
into a selected latch 
from the Data pin when the Strobe is high. Master reset is available 
on both parts. 


• 
Serial Data Input 
• 
Three-State Bus Compatible Parallel Outputs 
• 
Three-State Control Pin (Enable) TTL Compatible Input 
• 
Open Drain Full Flag (Multiple Latch Wire-O Ring) 
• 
Master Reset 
• 
Level Shifting Inputs on All Except Enable 
• 
Diode Protection - All Inputs 
• 
Supply Voltage Range - 3.0 Vdc to 18 Vdc 
• 
Capable of Driving TTL Over Rated Temperature Range 
With Fanout as Follows: 


1 TTL Load 
4 LSTTL Loads 


a·BIT, 
BUS·COMPATIBLE 
THREE-STATE 
LATCHES 


Internal Counter - MC14597B 
Binary Address - MC14598B 


LSUFFIX 


CERAMIC 
PACKAGE 


CASE 
620 


P SUFFIX 
PLASTIC 
PACKAGE 


CASE 
648 
18_ 


l SUFFIX 
CERAMIC 
PACKAGE 
CASE 726 


PSUFFIX 
PLASTIC 
PACKAGE 


CASE 
707 


C Serl •• : -.w-c to + 8S·C 


MC14XXXBCP 
(PI •• tic Package) 


MC14XXXBCl 
(Ceramic 
Package) 


1 
DO 
,. 
01 
14 
02 


Thr•• 
13 
03 
Stet. 
12 
04 
Output 
Buffets 
11 
O' 
10 
DO 


• 
07 


PIN 
ASSIG ••• 
ENT 


Full 
1 
,. 


2 
" 
3 
14 
4 
13 
• 
12 
• 
11 
7 
10 
• 
• 


7h_ 
Stet. 
Output 
Buffer. 


1 
DO 


17 
01 


16 
02 


15 
03 


14 
DO 


13 
05 


12 
DO 


" 
07 


Eneble 
Outputl 


1 
High 
lmp~nc. 


0 
On 


Symbol 
Paramet.r 
Value 
Unit 


VDD 
DC Supply Voltage 
-0.5 to + 18.0 
V 


Vin 
Input Voltage. Enable (DC or Transient) 
- 0.5 to VDD + 0.5 
V 


Vi" 
Input Voltage, All other Inputs (DC or Transient) 
-0.5 
to VDD + 12 
V 


Vout 
Output Voltage (DC or Transient) 
- 0.5 to VDD + 0.5 
V 


lin. 
lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 


Po 
Power Dissipation. 
per Packaget 
500 
mW 


Tsto 
Storage Temperature 
-65 
to + 150 
"C 


TL 
Lead Temperature 
(8-Second Soldering) 
260 
"C 


This device 
contains 
protection 
circuitry 
to 
guard 
against 
damage 
due 
to 
high 
static 
voltages 
or electric 
fields. 
However, 
precau- 
tions 
must 
be taken 
to avoid 
applications 
of 
any 
voltage 
higher 
than 
maximum 
rated 
voltages 
to this 
high-impedance 
circuit. 
For 
proper 
operation, 
Vin 
and 
Vout 
should 
be 
constrained 
to 
the 
range 
VSS 
'" 
(Vin 
or 
Vout) '" VOO' 
Unused 
inputs 
must always 
be tied to an ap- 


propriate 
logic voltage 
level (e.g., either 
VSS 
or VOO). Unused 
outputs 
must be lell 
open. 


*Maximum Ratings are those values beyond which damage to the device may occur. 
tTemperature 
Derating: 
Plastic "P" 
Package: 
- 12mWrC 
from 65°C to'SS·C 
Ceramic "l" 
Package: 
-12mWrC 
from 100·C to 125°C 


ELECTRICAL CHARACTERISTICS 
(Voltaga. R.f.,.nced 
to Vss) 


Tlow. 
250C 
Thigh- 
VOO 
CharKt.,i,tic 
Symbol 
Vdc: 
Min 
Ma. 
Min 
Typ # 
Max 
Min 
Max 
.Unit 


Output 
Voltage 
"0" 
Level 
VOL 
5.0 
- 
0.05 
- 
° 
0.05 
- 
0.05 
Vdc: 


Vin *' VOD or 0 
to 
- 
0.05 
- 
° 
0.05 
- 
0.05 


15 
- 
0.05 
- 
° 
0.05 
- 
0.05 


"," 
Level 
VOH 
5.0 
4.95 
- 
4.95 
5.0 
- 
4.95 
- 
Vdc 


Vin - 0 or VDD 
10 
9.95 
- 
9.95 
10 
- 
9.95 
- 
15 
14.95 
- 
14.95 
15 
- 
14.95 
- 


Input Voltage •• - 
Enable "0" 
level 
VIL 
Vdc 


(Va - 4.5 or 0.5 Vdel 
5.0 
- 
0.8 
- 
1.1 
0.8 
- 
0.8 
(Va - 9.0 0,1.0 
Vdel 
to 
- 
1.6 
- 
2.2 
1.6 
- 
1.6 


(Va - 13.5 or 1.5 Vdcl 
15 
- 
2.4 
- 
3.4 
2.4 
- 
2.4 


"," 
Level 
VIH 
Vdc 


(Va - 0.5 or 4.5 Vdel 
5.0 
2.0 
- 
2.0 
1.9 
- 
2.0 
- 
(Va 
- 1.0 or 9.0 Vdc:l 
10 
6.0 
- 
6.0 
3.1 
- 
6.0 
- 
(Vo 
- 1.5 or t3.5 Vdel 
15 
10 
- 
10 
4.3 
- 
10 
- 


Input Voltage 
"0" 
level 
VIL 
vetI: 


Other Inputs 
(Va - 4.5 or 0.5 Vdel 
5.0 
- 
1.5 
- 
2.25 
t.5 
- 
1.5 


(Va 
- 9.0 0' 1.0 Vdcl 
10 
- 
3.0 
- 
4.50 
3.0 
- 
3.0 
1VO - t3.5 or 1.5 Vdel 
15 
- 
4.0 
- 
6.75 
4.0 
- 
4.0 


"," 
Level 
VIH 
Vdc 


(Va 
- 0.5 or 4.5 Vdel 
5.0 
3.5 
- 
3.5 
2.75 
- 
3.5 
- 
(Va' 
1.00' 
9.0 Vdel 
10 
7.0 
- 
7.0 
5.50 
- 
7.0 
- 
1Vo' 
1.5 or 13.5 Vdcl 
15 
tl 
- 
11 
8.25 
- 
11 
- 


Output 
Orive Current 
Source 
IOH 
mAdc 


(Full-Sink 
Onlvl 
(VOH • 4.6 Vdel 
5.0 
-1.0 
- 
-1.0 
-2.0 
- 
-1.0 
- 


(VOH • 9.5 Vdel 
to 
- 
- 
- 
-6.0 
- 
- 
- 


1VOH - 13.5 Vdel 
15 
- 
- 
- 
-12 
- 
- 
- 


(VOL - 0.4 Vdcl 
Sink 
IOL 
5.0 
1.6 
- 
1.6 
3.2 
- 
1.6 
- 
mAde 


(VOL' 
0.5 Vdcl 
10 
- 
- 
- 
6.0 
- 
- 
- 
(VOL - 1.5 Vdel 
15 
- 
- 
- 
12 
- 
- 
- 


Input Current 
(AL Device) 
lin 
15 
- 
'0.1 
- 
'0.ססOO1 
'0.1 
- 
'1.0 
~Ade 


Input Current 
(C L/CP Device! 
lin 
15 
- 
'0.3 
- 
'O.oooot 
'0.3 
- 
>1.0 
~Adc 


Three-State Leakage Current 
ITL 
~Ade 


(AL Device) 
t5 
- 
:to.' 
- 
'0.00001 
'0.1 
- 
'3.0 
(CL/CP Device! 
15 
- 
'1.0 
- 
'0.ססOO1 
>1.0 
- 
'7.5 


Input Capacitance 
Cin 
- 
- 
- 
- 
5.0 
7.5 
- 
- 
pF 


(Vin - 01 


Quincent 
Current (A L Device) 
100 
5.0 
- 
5.0 
- 
0.005 
5.0 
- 
150 
~Ade 
(Pe, Packoge) 
to 
- 
10 
- 
0.010 
10 
- 
300 
15 
- 
20 
- 
0.015 
20 
- 
600 


Quiescent Current (CL/CP 
Device) 
100 
5.0 
- 
20 
- 
0.005 
20 
- 
150 
~Ade 
(Per Packoge! 
10 
- 
40 
- 
0.010 
40 
- 
300 
15 
- 
80 
- 
0,015 
80 
- 
600 
•• Total Supply Current at an 
IT 
5.0 
IT - 12.0 ~A/kHz)f 
+ '00 
•.•.Adc 


External load 
Capacitance 
to 
IT - (4.0 ~A/kHz)f 
+ 100 
of 130pF 
15 
IT· 
16.0 ~A/kHz!f 
+ 100 


·Tlow 
- -550C 
for AL Device. _40oC for CL/CP 
Device. 
Thigh· 
+l25oC 
for AL Device, +850C for CL/CP Oevice. 


•• 
The formulas 
given 
are for the typical 
characteristics 
only at 2SoC. 


#08ta 
labelled 
"Typ" 
is not to be used for design 
purposes 
but is 
intanded 
as an indication 
01 the IC's potential 
performance. 


• 


VDD 
AIITy_ 


C!Y,_lltic 
SYmbol 
Vdc 
Min 
Typ ••• 
Mox 
Unit 


Output Ri•• and Fall Time 
tTLH. 
n. 
tTLH.ITHL-(0.5 
n./pF)CL +35 n. 
tTHL 
5.0 
- 
tOO 
200 
tTLH. tTHL - (0.2 n./pF)CL +25 n. 
10 
- 
50 
100 
ITLH. ITHL - (0.16 n./pF)CL +20 n. 
15 
- 
40 
80 
Prope_tion 
Delay Time 
tPLH. 
n. 


Enable to Output 
tpHL 
5.0 
- 
160 
320 
10 
- 
125 
250 
15 
- 
100 
200 
Strobo 10 Output 
5.0 
- 
200 
400 
10 
- 
100 
200 
15 
- 
80 
160 


Strobe to full 
IMC145978 only) 
5.0 
- 
200 
400 
10 
- 
100 
200 
15 
- 
80 
160 
Reiii to Output 
5.0 
- 
175 
350 
10 
- 
90 
180 
15 
- 
70 
140 


Pul •• Width 
'WH. 
n. 
Enable 
'WL 
5.0 
320 
160 
- 
10 
240 
120 
- 
15 
160 
80 
- 
Strobe 
5.0 
200 
100 
- 
10 
100 
50 
- 
15 
80 
40 
- 
'ncromonl IMC145978 only) 
5.0 
200 
100 
- 
10 
100 
50 
-' 
15 
80 
40 
- 
ii8Hi 
5.0 
300 
150 
- 
10 
160 
80 
- 
15 
100 
50 


Setup 
Tim. 
Iou 
n. 
Oetl 
5.0 
100 
50 
- 
10 
50 
25 
- 
15 
35 
20 
- 
Add,••• IMCI4598B only), 
5.0 
200 
100 
- 
10 
100 
50 
- 
15 
70 
35 
~ 


'ncromont (MCI4597B only) 
5.0 
400 
200 
- 
10 
200 
100 
- 
15 
170 
85 
- 
Hold Timl 
tt. 
n. 
Do•• 
5.0 
100 
50 
- 
10 
50 
25 
- 
15 
35 
20 
- 
Add, ••• (MCI4598B only) 
5.0 
100 
60 
- 
10 
50 
25 
- 
15 
35 
20 
- 


AeSei Removal Time 
trem 
5.0 
20 
-25 
- 
no 
10 
20 
-t5 
- 
15 
20 
-10 
- 


-The 
formula. 
given 
are for the typical 
characterisUcs 
only 
at 2S'"C. 


#Data 
labelled 
"TypO' 
Is not to be used 
for de.lgn 
purposes 
but Is 


Intended 
8S an indication 
of the Ie's potential 
performance. 


- - - - - - - - -v~ifi 


IE¥, 
I 
l{f 


One Latch 
VSS 
I 
______________ 
-l 
J~~ 
~~ 
13 
03 
12 
04 
11 
D5 
10 
06 
9 
07 


•• 


·1.4 
V with 
VOO'" 
5.0 V 


NOTES: 
1. 
High.impedance 
output .t.t. (another 
device controls 
bus), 


2. 
R.Mt 
in High .t.t•. 


,--------------------, 
vool 
,Ji 


I~ 
i! 
Vss I 


leach 
Latch 
I 
L 
...J 


·'.4 
V with Voo· 
5.0 V. 


NOTES ,. 
High·impedance 
output 
state (another 
device controls 
bus). 


2. Output 
Load as for MC14S97B. 


17 
01 
16 02 
1S 03 
14 
04 
13 05 
12 06 
11 
07 


Addressed 
Other 
Strobe 
R•••• 
Latch 
Latches 
0 
1 
. 
. 


1 
1 
Data 
. 


X 
0 
0 
0 


Address 
Increment 
Enable 
R•••• 
Counter 
Full 
--:L.- 
X 
1 
Count Up 
- 
-' 
X 
1 
No Change 
- 


X 
1 
0 
Reset 
to Zero 
Set to One 


X 
0 
1 
No Change 
Set to One 


If at 
To Zero on 


X 
1 
1 
ADDRESS 
7 
Falling Edge 
of STROBE 


1300FI 


Circuit 
diagrams external 
to 
or containing 
Motorola 
products 
are included as a means of Illustration 
only, Complete 
Information 
sufficient 
for 
construction 
purpOses 
may 
not 
be fully 
Illustrated. 


Although 
the 
Information 
herein 
has been 
carefully 
checked 
and 
15 
beheved to be reliable, Motorola 
assumes 
no responsibility 
for 


inaccuracies. 
Information 
herein 
does 
not 
convey 
to 
the 
purchaser 


any 
license 
under 
the 
patent 
fights 
of Motorola 
or others. 
The informatIOn 
contained herein 
IS for gUidance 
only. 
with 
no 
warranty 
of 
any 
type, 
expressed 
or Implied. 
Motorola 
reserves 
the 


right 
to 
make 
any 
changes 
to 
the 
Information 
and 
the 
product 
(sl 
to 
which 
the 
Information 
applies 
and 
to 
discontinue 
manufacture 
of the productlsl 
at any 
time. 
• 


• 


®MOTOROLA 


The MC14599B is an 8-bit addressable latch. Data is entered in serial 
form when the appropriate latch is addressed (via address pins AO, A1, 
All and write disable is in the low state. Chip enable must be high for 
writing into MC14599B. The data pin is a bidirectional data port, which is 
controlled by the Write/Read line. 
The data is presented in parallel at the output of the eight latches inde- 
pendently of the state of Write Disable, Write/Read or Chip Enable. 


• 
Serial Data Input 


• 
Parallel Output 


• 
Master Reset 


• 
Supply Voltage Range=3.0 
Vdc to 18 Vdc 


• 
Capable of Driving Two Low-power TTL Loads or One Low-Power 
SChottky TTL Load over the Rated Temperature 
Range 


Symbol 
Par.met., 
Value 
Unit 


VOO 
DC SupplyVoltage 
-0.5 
to + 18.0 
V 


Vlo. Vout Input or Output Voltage (DC or Transient) 
-0.5 to VOO +0.5 
V 


Iin. lout 
Input or Output Current (DC or Transient), per Pin 
±10 
mA 
Po 
Power Dissipation, 
per Packaget 
500 
mW 


Tata 
Storage Temperature 
-65 
to +150 
·C 


TL 
Lead Temperature 
(8-second 
Soldering) 
260 
·C 


-Maximum 
Ratings are those values beyond which damage to the device may occur. 


tTemperature 
Derating: 
PI.stic "p" 
Package: -12mWrC from 65°C to 85°C 
ceramic "L" Package: 
-12mWrC 
from 100·C to 125°C 


Chip Enable 


Write/Read 
Write DI•• ble 


Data 


8 
10 


4 
11 


3 
12 
13 
8 Latch.. 
14 
15 
18 


17 


1 


FOR COMPLETE DATA 
SEE MC14099B 


8-BIT ADDRESSABLE 
LATCH 
WITH BIDIRECTIONAL 
PORT 


,,~ 
..- 
~l,~)UnU 
1 


l SUFFIX 
CERAMIC 
PACKAGE 
CASE 
726 


P SUFFIX 
PLASTIC PACKAGE 
CASE 101 


C Sert •• : -450-C 
to +85-<: 


MC14XXXBCP 
(Plutic 
Package) 


MC14XXXBCL 
(Ceramic 
Package) 


This device contains protection circuitry to 
guard against damage due to high static 
voltages 
or electric 
fields. 
However, 
precau· 


tiona muat be taken to avoid appllcatlona of 
any voltage 
higher than 
maximum 
rated 
voltages to this high-Impedance circuit. For 
proper operation, Vln and Vout ahould be 
constrained to the range VSS •• (Vln or 
liout) •• VOO' 
Unused Inpula muat elwaya be tied to an ap- 
propriate logic voltage level (e.g., either VSS 
or VOO)' Unuaed outputs muat be left open. 


CMOS Reliability II 


• 


® MOTOROLA 


This chapter is intended to demonstrate 
the quality and 
reliatJility aspects of the semiconductor 
products supplied 
by Motorola. 


Motorola's 
quality 
activity 
starts at the product design 
stage. It is its philosophy 
to "design 
in" reliability. 
At all 
development 
points of any 
new design, 
reliability 
orien- 
tated guidelines 
are continuously 
used to ensure that a 
thoroughly 
reliable 
part is ultimately 
produced. 
This 
is 
demonstrated 
by the excellent 
in-house 
reliability 
testing 
results obtained for all Motorola's semiconductor 
products 
and, more importantly, by our n.umerous customers. 


Each vendor 
is supplied 
with a copy of the Motorola 
Procurement Specification 
which must be agreed in detail 
between both parties before any purchasing agreement is 
made. 
This 
is followed 
by a vendor 
appraisal 
report 
whereby each vendor's manufacturing 
facility is visited by 
Motorola's Quality Engineers responsible for ensuring that 
the vendor has a well organized and adequately controlled 
manufacturing process capable of supplying the high qual- 
ity material 
required 
to meet the Motorola 
incoming 
in- 
spection 
specification. 
Large 
investments 
have and are 
continuously 
being made and Quality 
Improvement 
pro- 
grams developed with our main suppliers concerning: 
Masks - 
Silicon - 
Piece-parts 
- 
Chemical 
products 
- 
Industrial gas, etc. 
Each batch of material delivered to Motorola is quaran- 
tined at Goods-in until the Incoming Quality Organization 
has subjected adequate samples to the incoming detailed 
inspection specification. 
In the case of masks, this will in- 
clude mask inspection for: 
1. Defect Density 
2. Intermask Alignment 
3. Mask Revision 
4. Device to Device Alignment 
5. Mask Type 
Silicon will undergo the following inspections: 
1. Type "N" or "P" 
2. Resistivity 
3. Resistivity Gradient 
4. Defects 
5. Physical Dimensions 
6. Dislocation 
Density 
Incoming chemicals are also controlled to very rigorous 
standards. Many are submitted to in-house chemical anal- 
ysis where the supplier's 
conformance 
to specification 
is 
meticulously 
checked. 
In many cases, line tests are per- 
formed 
before final acceptance. 
A major 
issue 
and re- 
sponsibility 
for the 
Incoming 
Quality 
Department 
is to 
ensure that the most disciplined 
safety factors have been 


This basic design flow-chart omits 
some feedback loops for simplicity 


employed 
with regard to chemicals. 
Chemicals 
can and 
are often 
rejected 
because 
safety 
standards 
have 
not 
been deemed acceptable. 


• 


All processing 
stages 
of Motorola 
products 
are sub- 
jected 
to demanding 
manufacturing 
and 
quality 
control 
standards. 
A philosophy 
of "Do it Right the First Time" 
is 
instrumental 
in assuring 
that 
Motorola 
has a reliability 
record second to none. 


The Bipolar and MOS Wafer Fabrication 
flow charts are 
examples 
which 
highlight 
the various 
in-process 
control 
points audited by both Manufacturing 
and Quality people. 
The majority of these inspections 
are control audit points 
with inspection gates at critical points of the process. This 
is in line with Motorola 
policy of all personnel 
being re- 
sponsible for quality at each manufacturing 
stage. 
Djffusion 
and ion implantation 
processing 
is subject 
to 
oxide thickness controls 
penetration 
evaluations. 
Controls 
are also performed 
on resistivity 
and defect density. Diffu- 
sion furnaces, 
metallization, 
and passivation 
equipment 
are subjected to daily qualification 
requirements 
by using 
C-V plotting techniques. 
C-V techniques 
are also used to 
ensure ongoing stability 
as they do provide a very sensi- 
tive measurement 
of ionic species concentration. 
In addition, 
many other specific 
controls 
are used as a 
means to ensure built-in 
reliability 
and provide 
statistical 
data, which include: 


• 
Environmental 
monitoring 
for 
humidity, 
temperature 
and particles 


• 
Deionized 
water 
resistivity, 
particles 
and 
bacteria 
checks in water 


• 
Epitaxial 
material: 
resistivity 
- 
thickness 
- 
crystal 
defects 


• 
Oxide: thickness - 
charges - 
pinhole density 


• 
Metallization: 
thickness 
- 
adherence 
- 
metal com- 
position - 
ohmic contacts 


• 
Doping profiles 


• 
Pre and post etch inspections 


• 
In process SEM analysis for step coverage: 
metalliza- 
tion - 
grain size - 
phosphorous 
concentration 


• 
Passivation integrity checks 


• 
Calibration 


• 
Final visual inspection 
gate 


After all processing 
stages are completed, 
every wafer 
lot is subject to a detailed electrical 
parameter check. Pa- 
rameters 
such as threshold 
voltage, 
junction 
breakdown 
voltages, 
resistivity, 
field 
inversion 
voltages. 
etc., 
are 
measured 
and each batch is sentenced 
accordingly. 
The 
data generated 
at this point is treated 
statistically 
as a 
control 
on the distribution 
of each key electrical 
param- 
eter, thus allowing corrective 
action adjustments 
to be im- 
plemented in a timely manner. 
Every wafer lot is submitted 
to an electrical 
probe test 
during which every individual 
die is tested to its electrical 
specification. 
Chips which fail are Individually 
inked . 


In Process 
or Control Process 
or Q.A. Inspection 


--0 
-0 


Source Drain 
OeSposltlon, 
Drive-In 
and OXIdatIon 


In· Process 0 


Inspectron 


The assembly operation is of equal importance to the 
wafer 
fabrication 
process 
as a manufacturing 
activity 
which will affect the reliability 
of the finished 
product. 


Motorola continuously 
makes major investments 
in spe- 
cialized assembly areas located in Malaysia, the Philip- 
pines and Korea. These assembly plants employ the latest 


technologies 
available 
to 
ensure 
that 
all 
Motorola 
semiconductors are produced to the highest standards of 
Quality and Reliability. In addition, each wafer fabrication 
facility 
has in-house 
assembly 
capability 
which 
allows 
some production, specific engineering activity, and qualifi- 
cation of piece-parts suppliers. The major production vol- 
umes of Motorola's 
Integrated 
Circuits 
are assembled 
offshore in the Far East. 
II 


• 


Identical 
Quality 
and 
Reliability 
philosophies 
are prac- 
ticed in the assembly 
areas as within 
the wafer fabrication 
facilities. 
Quality 
Assurance 
Audits 
for immediate 
correc- 
tive 
actions 
are performed 
after 
major 
process 
steps 
as 
demonstrated 
in the flow-chart. 
In addition, 
screening 
op- 
tions 
are 
available. 
The 
statistical 
data 
obtained 
from 
quality 
audits 
are 
reported 
to the 
appropriate 
business 
centers 
either 
daily, weekly, 
or monthly 
for review. 
Motorola 
is particularly 
aware of the major 
impact 
mois- 
ture can have on the reliability 
performance 
of either 
plas- 
tic or ceramic 
parts. 
With this in mind, several 
major 
new 
innovations 
have 
been 
introduced 
to safeguard 
Motorola 
products, 
and thus enhance 
their overall 
reliability 
perfor- 
mance. 
These 
include: 


• 
Faraday 
shield 
vacuum 
packed 
wafer 
shipping 
system 


• 
Temperature 
and humidity 
controlled 
wafer 
inventory 
stores 


• 
Inert 
atmosphere 
for 
metal 
can 
packages 
encapsu- 
lation 


• 
New design 
lead frames 
(plastic 
assembly) 


• 
New molding 
compounds 


• 
Low moistu're content 
glass 


• 
Moisture 
content 
audit procedures 


• 
Super dry piece-part 
controls 


FINAL 
TESTING 
Each of Motorola's 
facilities 
has a complete 
Final Test 
capability 
for all of the products 
fabricated 
and assembled. 


The majority 
of products, 
after 
assembly, 
are tested 
and 
Q.A. released 
at the facility 
responsible 
for that 
product. 


Some product 
is tested in the offshore 
assembly 
site; how- 
ever, this is always returned 
to the facility 
for Q.A. release 
prior to final shipment 
to customer. 


Final Test is a comprehensive 
series 
of dc, functional 
and 
speed 
oriented 
electrical 
tests 
as well 
as 
adapted 
forced tests. These tests are normally 
more stringent 
than 
data sheet 
requirements 
and are finally 
sampled 
by Out- 
going Quality 
Assurance. 


In practice, 
the test flow philosophies 
vary according 
to 
product. 
For instance, 
most 
of the 
Discrete 
devices 
are 
double tested as part of a zero defect 
quality 
improvement 
program. 
As well, 
many 
integrated 
Circuits 
are tested 
at 
various 
temperatures. 
There 
are 
also 
many 
burn-in 
op- 
tions available . 


OUTGOING QUALITY SAMPLING PLAN 


A.Q.L. 
1978 
1980 
1981 
1982 
1983 
1984 
1985 


CMOS 
Function/Parametric 
LTPD 
LTPD 
0.15 
0.10 
0.10 
0.065 
0.065 
Visual/Mechanical 
(5.0) 
(5.0) 
0.15 
0.15 
0.15 
0.10 
0.10 


MOS Mlcroproc ••• or. 
Function/Parametric 
LTPD 
LTPD 
0.15 
0.10 
0.10 
0.10 
0.10 
Visual/Mechanical 
(5.0) 
(5.0) 
0.15 
0.15 
0.15 
0.10 
0.10 


NIIOS ".morl 
•• 
Function/Parametric 
LTPD 
LTPD 
0.15 
0.10 
0.10 
0.065 
0.065 
Visual/Mechanical 
(5.0) 
(5.0) 
0.15 
0.15 
0.15 
0.065 
0.065 


MOTOROLA A.O.Q. PLAN 


HI.tory 
Averag_ 
Dee 
Ooal 


1980 
1981 
1982 
1982 
1983 
1984 
1985 


MOS LOGIC and Analog Ie 
5000 
2370 
1380 
1150 
1399 
701 
100 


Memory 
7000 
4360 
2400 
2900 
918 
899 
100 


Microprocessor 
7000 
3860 
2450 
2900 
763 
825 
100 


OUTGOING QUALITY 
Although 
test 
procedures 
may vary 
from 
product 
to 
product 
within 
Motorola, 
the 
same 
philosophy 
applies 
when considering 
quality objectives. 
Motorola's 
mission is 
to be a Quality and Reliability 
leader worldwide. 


HIGHLIGHTS: 
Motorola 
recognizes 
that you, our customers, 
are truly 
concerned 
about improving 
your own quality 
image. You 
are, therefore, 
concerned 
about the quality of the product 
Motorola supplies yOU. 
Our customers 
measure us by the level of defects in the 
products 
we supply 
at incoming 
inspection, 
assembly, 


and, most important, 
field reliability. 
During the past years, 
Motorola 
has achieved 
impres- 
sive reductions 
in defect 
rates known as A.O.Q. or Aver- 
age Outgoing 
Quality. 
Instrumental 
in this 
success 
has 
been the planned continuous 
reduction 
in outgoing 
A.Q.L. 


to a point where Motorola believes that over all products it 
can demonstrate 
the 
most 
aggressive 
A.Q.L.'s 
in the 
industry. 
This 
aggressive 
program 
has 
been 
designed 
to help 
eliminate expensive 
incoming inspection 
at our customers. 


All the facilities 
also practice 
an extremely 
demanding 
parts per million program (PPM). 
The PPM performance 
of all Motorola products is calcu- 
lated in each location 
using the same method. They are, 
therefore, 
directly comparable. 
Motorola 
is well aware that 
when discussing 
PPM with existing potential 
customers, 
it 
is of paramount 
importance 
to explain 
exactly 
which fail- 
ure categories 
are included 
in the stated 
PPM figures. 


Motorola's 
PPM figures will include: 


• 
Electrical 
Inoperative 
Failure 


• 
Electrical 
Parametric 
Failures 
(dc and ac) 


• 
Visual and Mechanical 
criteria 


In many published 
cases. 
stated 
PPM values 
refer to 
Electrical 
Inoperative 
failures only. 


At Motorola, 
the 
Electrical 
Inoperative. 
the 
Electrical 
Parametric, 
and the 
Visual/Mechanical 
failure 
rates 
are 
calculated 
separately 
and then 
combined 
to reach 
an 
overall total. In this way Motorola 
believes that it is giving 
its customers a true and accurate assessment 
of the qual- 
ity of the product. 
Unqualified 
PPM statements 
can 
be 
misleading 
and cause the customer 
to expect quality 
lev- 
els which 
cannot 
be achieved. 
For example, 
Motorola 
MOS Logic and Analog Ie A.O.Q. is separated 
into Electri- 
cal 
Inoperative/Electrical 
Parametric 
(259 
PPM) 
and 
Visual/Mechanical 
(419 PPM). Other product families such 
as Small Signal 
Plastic 
Transistors 
are already 
reaching 
50 PPM in Electrical 
Inoperative 
failure rate. 


The 
Motorola 
PPM graphs 
are excellent 
examples 
of 
what has been achieved over the last years with regard to 
quality improvements. 
Improvements 
between 50% and 300% in average 
out- 
going 
quality 
are 
typical 
across 
the 
broad 
range 
of 
Motorola products. 


Throughout 
the 
semiconductor 
industry 
there 
have 
been, and there still are, examples of manufacturers 
offer- 


ing higher quality 
standards 
at a premium. 
This is not 
a 
Motorola 
strategy, 
we believe 
that our customers 
should 
expect 
high quality 
products 
at no extra 
cost.. This 
is 
Motorola's 
aim and we will continue 
to aggressively 
pur- 
sue Quality 
and 
Reliability 
improvements 
which 
will 
be 
passed on to our customers 
as an obligation 
on our part. 


Also, we actively 
encourage 
our customers 
to provide 
their quality 
results 
at their 
incoming 
inspection, 
during 
their manufacturing 
process, and from the field in order to 
better correlate 
and further 
improve 
our quality 
perform- 
ance. 
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RELIABILITY 
Paramount 
in the mind of every 
semiconductor 
user 
is 
the question 
of device 
performance 
versus 
time. After 
the 
applicability 
of a particular 
device 
has been 
established, 


its effectiveness 
depends 
on the length 
of troublefree 
ser- 
vice it can offer. 
The reliability 
of a device 
is exactly 
that 
- 
an expression 
of how well 
it will 
serve 
the customer. 


The 
following 
discussion 
will 
attempt 
to 
present 
an 
overview 
of Motorola's 
reliability 
efforts. 


BASIC 
CONCf.EPTS 
It is essentiaT to begin with an explanation 
of the various 
parameters 
of Reliability. 
These 
are probably 
summarized 
best in the Bathtub 
Curve 
(Figure 
1). The reliability 
perfor- 
mance of a device 
is characterized 
by three 
phases: 
infant 
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mortality, 
useful 
life, and wearout. 
When 
a device 
is pro- 
duced, there is often 
a small distribUtion 
of failure 
mecha- 
nisms 
which 
will 
exhibit 
themselves 
under 
relatively 
moderate 
stress 
levels 
and 
therefore 
appear 
early. 
This 
period of early failures, 
termed 
infant 
mortality 
is reduced 
significantly 
through 
proper 
manufacturing 
controls 
and 
screening 
techniques. 
The most effective 
period 
is that 
in 
which only occasional 
random 
failure 
mechanisms 
appear. 


The useful 
life typically 
spans 
a long period 
of time with a 
very low failure 
rate. The final 
period 
is that 
in which 
the 
devices 
literally 
wear 
out due 
to continuous 
phenomena 
which 
existed 
at the 
time 
of manufacture. 
Using 
strictly 
controlled 
design 
techniques 
and 
selectivity 
in applica- 


tions, 
this 
period 
is shifted 
well 
beyond 
the 
lifetime 
re- 


quired 
by the user. 


Both the infant mortality and random failure rate regions 
can be described through the same types of calculations. 
During this time the probability 
of having no failures to a 
specific point in time can be expressed by the equation: 


Po = e-~t 


where ~ is the failure rate and t is time. Since ~ is chang- 
ing rapidly during infant mortality. the expression does not 
become useful until the random period, where ~ is rela- 
tively constant. 
In this equation 
~ is failures 
per unit of 
time. It is usually expressed 
in percent failures 
per thou- 
sand hours. Other forms include FIT (Failures 
in Time = 
(%/103 
hrs) 
x 
10 - 4 = 
10 - 9 failures 
per hour) 
and 
MTTF (Mean Time To Failure) or MTBF (Mean Time Be- 
tween Failures). both being equal to 1/~ and having units 
of hours. 
Since reliability 
evaluations 
usually 
involve 
only sam- 
ples of an entire population of devices, the concepts of the 
Central Limit Theorem apply and ~ is calculated 
using x2 


distribution 
through the equation: 


x2 (x. 2r + 2) 


2nt 


100 - 
CL 


100 


CL = Confidence 
Limit in percent 
r 
= Number of rejects 
n 
= Number of devices 
t 
= Duration of test 


The confidence 
limit is the degree of conservatism 
de- 


sired in the calculatiQn. The Central Limit Theorem states 
that the values of any sample of units out of a large popu- 
lation will produce a normal distribution. 
A 50% confidence 
limit is termed the best estimate 
and is the mean of this 
distribution. 
A 90% confidence 
limit is a very conservative 
value and results in a higher ~ which represents the point 
at which 90% of the area of the distribution 
is to the left of 


that value (Figure 2). The term (2r + 2) is called the de- 
grees of freedom 
and is an expression 
of the number of 
rejects in a form suitable to x2 tables. 
The number of rejects is a critical factor since the defini- 
tion of rejects often differs between manufacturers. 
While 
Motorola 
uses data 
sheet 
limits 
to determine 
failures. 


sometimes 
rejects 
are counted 
only 
if they 
are cata- 


strophic. Due to the increasing 
chance of a test not being 
representative 
of the entire 
population, 
as sample 
size 
and test time are decreased, 
the x2 calculation 
produces 
surprisingly 
high values of ~ for short test durations 
even 
though the true long term failure 
rate may be quite low. 
For this reason relatively 
large amounts of data must be 
gathered to demonstrate 
the real long term failure rate. 


Since this would require years of testing on thousands 
of devices, 
methods 
of accelerated 
testing 
have 
been 
developed. 


Years of semiconductor 
device 
testing has shown that 
temperature 
will accelerate failures 
and that this behavior 
fits the form of the Arrhenius equation: 


where R(t) 
= Reaction 
rate as a function 
of time 
and 
temperature 


RO = A constant 
t 
= Time 
e 
= Activation energy in electron volts 


k 
= Boltzman's 
constant 
T 
= Temperature 
in degrees Kelvin 


To provide 
time-temperature 
equivalents 
this equation 
is applied to failure rate calculations 
in the form: 


The Arrhenius 
equation essentially 
states that reaction 
rate increases 
exponentially 
with temperature. 
This 
pro- 
duces a straight line when plotted in log-linear 
paper with 
a slope expressed by 9. 9 may be physically 
interpreted 
as the energy threshold 
of a particular 
reaction or failure 
mechanism. 
The activation 
energy exhibited 
by semicon- 
ductors varies from about 0.3 eV. Although 
the relation- 
ships do not prohibit 
devices 
from 
having 
poor failure 
rates and high activation energies. good performance 
usu- 
ally does not imply a high 9. Studies 
by Bell Telephone 
Laboratories 
have 
indicated 
that 
an 
overall 
9 
for 
semiconductors 
is 1.0 eV. This value has been accepted 
by the Rome Air Development 
Command 
for time-tem- 
perature acceleration 
in powered burn-in. 
Data taken by 
Motorola on Integrated 
Circuits 
have verified this number 
and it is therefore 
applied as our standard time-tempera- 
ture regression 
for extrapolation 
of high temperature 
fail- 


ure rates to temperatures 
at which 
the devices 
will 
be 
used (Figure 3). For Discrete products, 0.7 eV is generally 
applied. 


To accomplish 
this, the time in device 
hours 
(tl) 
and 
temperature 
(Tl) 
of the test are plotted as point PI. A ver- 
tical line is drawn at the temperature 
of interest (T2) and a 
line with a 1.0 eV slope is drawn through point PI. 


Its intersection 
with the vertical 
line defines 
point P2, 


and determines 
the 
number 
of equivalent 
device 
hours 
(t2). This number may then be used with the x2 formula to 
determine 
the failure 
rate at the temperature 
of interest. 


Assuming Tl 
of 125'C at t1 of 10,000 hours, a t2 of 7.8 
million hours results at a T2 of 50'C. If one reject results in 
the 10,000 device 
hours of testing 
at 125'C, 
the failure 
rate at that temperature 
will be 20%/1.000 
hours using a 
60% confidence level. One reject at the equivalent 7.8 mil- 
lion device 
hours at 50'C 
will 
result 
in a 0.026%/1,000 
hour failure rate, as illustrated 
in Figure 4. 


Three parameters 
determine 
the failure 
rate quoted by 
the manufacturer: 
the failure rate at the test temperature, 
the activation 
energy 
employed, 
and the difference 
be- 
tween the test temperature 
and the temperature 
of the 
quoted 
~. A term often 
used in this manipulation 
is the 


"acceleration 
factor" which is simply the equivalent device 
hours at the lower temperature 
divided by the actual test 
device hours. 
Every device 
will eventually 
fail, but with the present 
techniques 
in Semiconductor 
design and applications, 
the 
wearout 
phase 
is extended 
far beyond 
the lifetime 
re- 
quired. 
During wearout, 
as in infant mortality, 
the failure 
rate is changing rapidly and therefore 
loses its value. The • 


• 


FIGURE 
3 
NORMAUZED 
TIME-TEMPERATURE 
REGREUIONS 
FOR VARIOUS 
ACTIVATION 
ENERGY 
VALUES 
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For 
increased 
flexibility 
in 
working 
with 
a 
broad 
range 
of device 
hours. 
the 
time-tem- 


perature 
regression 
lines 
have 
been 
normal- 
ized 
to 
500·C 
and 
the 
time 
scale 
omitted. 
permitting 
the user to define 
the scale 
based 
on his own requirements. 
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RELIABILITY 
TESTS: 
DEFINITION, 
PURPOSE 
AND 
PROCEDURES 
These definitions 
are intended 
to give the reader 
a brief 
understanding 
of the tests 
currently 
used at Motorola 
for 
reliability 
checking. 
They 
also 
state 
which 
main 
failure 
mechanisms 
are accelerated 
by the test. 


HIGH TEMPERATURE 
STORAGE 
LIFE 
An environmental 
test 
where 
only 
temperature 
is the 
stress. 
Temperature 
and test duration 
must be specified. 


Usually 
temperature 
is the maximum 
storage 
temperature 
of the 
devices 
under 
test. 
Main 
failure 
mechanisms 
are 
metallization. 
bulk silicon. 
corrosion. 


HIGH TEMPERATURE 
REVERSE 
BIAS 
(HTRB) 
An 
environmental 
stress 
combined 
with 
an 
electrical 
stress whereby 
devices 
are subjected 
to an elevated 
tem- 


perature 
and simultaneously 
reverse 
biased. 
To be effec- 
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tive, 
voltage 
must 
be applied 
to the 
devices 
until 
they 
reach 
room 
temperature 
at the 
completion 
of the 
test. 


Temperature, 
time 
and voltage 
levels 
must 
be specified. 


Accelerated 
failure 
mechanisms 
are 
inversion. 
channel- 


ing. surface 
contamination. 


HIGH 
HUMIDITY, 
HIGH 
TEMPERATURE 
REVERSE 
BIAS (HsTRB) 
A combined 
environmental/electrical 
stress whereby 
de- 


vices 
are subjected 
to an elevated 
ambient 
temperature 
and high humidity. 
simultaneously 
reverse 
biased 
for a pe- 


riodof 
time. Normally 
performed 
on a sample 
basis (quali- 


fication) 
on 
non-hermetic 
devices. 
The 
most 
common 
condition 
is 85·C and 85% relative 
humidity. 
More extreme 
conditions 
generally 
are very destructive 
to the chambers 
used. 
Time. 
temperature. 
humidity 
and 
voltage 
must 
be 
specified. 
This 
accelerated 
test 
mainly 
detects 
corrosion 
risks. 


STEADY 
STATE OPERATING 
LIFE 
An electrical 
stress whereby 
devices 
are forward 
(re- 
verse for zeners) biased at full rated power for prolonged 
duration. 
Test is normally 
25'C 
ambient 
and power 
is 
100% of full rated. (For power devices the I/C's maximum 
operating 
Ti is used.) 
Duration, 
power and ambient, 
if 
other than 
25'C, 
must be specified. 
Accelerated 
failure 
mechanisms 
mainly are metallization, 
bulk silicon, oxide, 
inversion, and channeling. 


DYNAMIC 
OPERATING 
LIFE 
An electrical 
stress 
whereby 
devices 
are alternately 
subjected to forward bias at full rated power or current and 
reverse bias. 


Duration, 
power, duty cycle, 
reverse 
voltage 
ambient 
and frequency must be specified. Used normally for rectifi- 
ers and silicon 
controlled 
rectifiers. 
Failure 
mechanisms 
are essentially the same as steady state operating 
life. 


INTERMITTENT 
OPERATING 
LIFE 
(POWER 
CYCLING) 
An electrical 
stress whereby devices are turned on and 
off for a period of time. During the "on" 
time the devices 


are turned on at a power such that the junction 
tempera- 
ture reaches 
its maximum 
rating. 
During "off" 
cycle the 
devices return to 25'C 
ambient. 
Duration, 
power, or duty 
cycle must be individually 
specified. 
Accelerated 
failure 
mechanisms 
are mainly die bonds, wire bond, metalliza- 
tion, bulk silicon, and oxide. 


THERMAL 
SHOCK 
(TEMPERATURE 
CYCLING) 
An environmental 
stress 
whereby 
devices 
are alter- 
nately subjected 
to a low and high temperature 
with or 
without a dwell time in between to stabilize the devices to 
25'C ambient - 
the medium is usually air. Temperatures, 


dwell times and cycles must be specified. 
Failure mecha- 
nisms are essentially die bonds, wire bonds, and package. 


THERMAL 
SHOCK 
(GLASS 
STRAIN) 
An environmental 
stress whereby 
the devices are sub- 
jected 
to a low temperature, 
stabilized 
and immediately 
transferred 
to a high temperature. 
The medium is usually 
liquid. 
Failure 
mechanisms 
essentially 
are the same as 
temperature 
cycling. 


Test 
Condition 
Duration 


Operating 
Life 
125'C. 5 V or 15 V 
1.<:XXl Hours 


Temperature 
HumIdity 
85'C.85% 
R H 
UXX) Hours 


Bias 
5 V or 15 V 


Autoclave 
121'C. 100% R H 
144 Hours 


15P S I G 


High 
Temperature 
150'C 
1,000 Hours 


Storage 


Thermal 
Cycle 
- 65'C to 150'C 
1,000 Cycles 
IAtr to Aid 
5 Mln Dwell 


Thermal 
Shock 
- 65'C to 150'C 
1.000 Cycles 


(LIQUId to LIQuidl 
5 Mln Dwell 


Shock, 
Vibration. 
and 
1.5CX)G. 3 per AXIS 
05 MS 
Constant 
Acceleration 
150- 2.000 Hz. 20 g 
2 Hours 
30 kg 


Data 
Retention 
Bake 
200/250'C 
1.cx:xJ Hours 


(Non-Volatile 
Memories) 


• 


A mechanical 
stress 
whereby 
the devices 
are sUbjected 
to high 
impact 
forces 
normally 
in two or more 
of the six 
orientations: 
X1, Y1, Z1, X2, Y2, Z2. Tests 
are to verify 
the physical 
integrity 
of the devices. 
G forces, 
pulse dura- 


tion, and number 
of shocks 
and axes must be specified. 


Same 
as Vibration 
Fatigue 
except 
that 
frequency 
is 


logarithmically 
varied 
form 
100 
Hz to 
1 kHz 
and 
back. 


Number 
of cycles 
is normally 
four. Cycle 
time, 
amplitude 


and total duration 
must be specified. 
Failure 
mechanisms 


are mainly 
package, 
wire 
bond - 
this test is not applica- 


ble to molded 
devices. 


Test 
Condition 
Duration 


OperatIng 
Life 
125°C. 
5 V or 15 V 
1.000 Hours 


Temperature 
Humidity 
Bias 
85°C. 
85% 
R.H. 
1,000 Hours 
5 V or 15 V 


Autoclave 
121°C. 
100% 
R.H. 
144 Hours 


15 P.SIG 


High Temperature 
Storage 
150°C 
1,(xx) 
Hours 


Thermal 
Cycle 
, 
- 65°C 
to 150°C 
1.000 Cycles 
(Air to AIr! 
5 M,n Dwell 


Thermal 
Shock 
- 65°C 
to 150°C 
1.000 Cycles 
Iliquid 
to Liquid) 
5 Min Dwell 


Shock. 
VIbration, 
and 
1.500 G. 3 per Axis 
a.5ms 
Constant 
Acceleration 
150- 
2.000 Hz. 20 g 
2 Hours 
30 kg 


Hermetlclty 
1.65. 10- 
8 


8tm cc/sec 


Visual Inspection 


Dimensions 
Outline Owg. 


Marking 
Permanency 


Solderability 
230°C 
3 Seconds 


Wire 
Bond Strength 
1.5 Gram 


IPost 
Seall 


Ole Shear 


Reliability 


Engineering 
Motorola 
Reliability Program For: 


Department 


Test Group 
Test 
55 
Frequency 
Test Methodsl 
Conditions 


Reliability Audit 
Thermal 
Shock 
25 
1 Product Une 


- 25°C, 
+ 125°C 
Per Week 
Dwell 
Time 5 mn, 
100 Cycles 


High Temperature 
40 
TA~ 
150°C, 
VCB=.B 
VCB max 
168 hours 


Reverse 
Bias 


Life Tests 
High Temperature 
25 
3 Product 
Lines 
TA-15O°C, 
VCB-.B 
VCB 
max 
l,CXX> hours 


Reverse 
Bias 
1+21 
Per Month 


High Temperature 
25 
TA= 
150°C, 
1,000 hours 
Storage 
1+21 


Steady 
State 
25 
TA= 
125°C, 
1,000 hours 


Life 
1+21 


High Humidity 
25 
TA~85°C, 
85% 
Humidity 


High Temperature 
VCB ~8 
VCB max 
1,000 hours 


Reverse 
Bias 
1+ 21 
l + 2) devices for correlatIon 
purpose 


No. Of 
Activation 
Derated 
% Per 1,000 Hours 
Product Family 
Test Conditions 
Device Hours 
Failures 
Energv 
Temperature 
At 60% 
Confidence 


Non Hermetic 
Operating 
591,552 
64 
1 eV 
70°C 
0.014 


Interface lie's 
T) ~ 155°C 


Consumer 
IIC's 
Operating 
13,082,000 
39 
1 eV 
70°C 
00029 
T1= 125°C 
004/005 
T1- 150°C 
798,000 
5 
7 eV 
70°C 
0.009 


RectifIer 
VR=8 
BVR 


Plastic 
T1- 100°C 
295,000 
3 
7 eV 
70°C 
0.21 


AXial DIOdes 
VR=.8 
BVR 


Button 
Diodes 
T1- 
150°C 
520,000 
5 
7 eV 
70°C 
0.014 
VR ~8 
BVR 


Small 
S'9nal 
TI-15O°C 
579,000 
6 
7 eV 
70°C 
0014 


PlastIC 
VCB=8 
BVCO 


Transistor 


Small S'gnal 
T1- 150°C 
3,944,000 
12 
7 eV 
70°C 
0.0039 
Metal 
VCB=8 
BVCBO 


Transistor 


Case 77 
T,= 
150°C 
364,416 
2 
7 eV 
70°C 
0.0097 
Power Plastic 


TranSistor 
VBC ~ .8 BVCBO 


T0220 
T) _ 150°C 
366,060 
0 
7 eV 
70°C 
0002B 


Power PlastiC 


TranSistor 
VCB~8 
BVCBO 


T03P 
TI-15O°C 
297,024 
3 
7 eV 
70°C 
0.016 


Power Plastic 


TranSistor 
VCB ~ .8 BVCBO 


T03 
T1- 150°C 
247,104 
3 
7 eV 
70°C 
0019 


Power Metal 


TranSIstor 
VCB ~ .8 BVCBO 
• 


No. of 
Activation 
Oer.ted 
% Per 1,000 Hou •• 


Product 
Femily 
Teet Condition. 
eevicI 
Houra 
Failurea 
Energy 
Temperatur. 
At 80% 
Confidence 


CMOS 
Ceramic 
125'C 
6.5 x 10' 
11 
lEV 
5O'C 
0.00074 


Static 
Bias 
85'C 
0.025 


CMOS 
Plastic 
125'C 
2.1 x loB 
17 
1 EV 
85'C 
00088 


Static 
Bias 


6800 Series 
125'C 
2.88x 
106 
47 
lEV 
70'C 
0039 
Plastic 
DynamIC 
BIas 


5V 


U.V 
EPROM 
Life Test 
125'C 
434.456 
3 
1 EV 
70'C 
0.009 


Dynamtc 
Bias 
5V 


Data Retention 
250'C 
8ake 
519.120 
3 
0.7 EV 
70'C 
0.0075 


EEPROM 
LIfe Test 
125'C 
917.280 
25 
1 EV 
70'C 
0.027 


DynamiC 
Bias 
5V 


Data Retention 
250'C 
966.672 
19 
0.7 EV 
70'C 
0.020 


64K DRAM 
125'C 
1.05x 
100 
6 
0.7 EV 
70'C 
0028 
DynamiC 
Bias 
5.6 V 


No. of 
Activation 
Oereted 
% Per 1,000 Hours 
Product 
Family 
Teet Conditions 
Device Hours 
Failures 
Enargy 
Temperature 
At 90% 
Confidence 


LS-TTL 
125'C 
1.0 eV 
70'C 
0.0029 


Static 
BaSIS 
-5.2 
V 


ECL 
125'C 
61.74x 
106 
7 
1.0 eV 
85'C 
0.0189 
Static 
Bias 
5V 


No. of 
Activation 
Oereted 
% Per 1,000 Hours 
Product 
Femily 
Teet Conditions 
Device 
Hours 
Failures 
Energy 
Temperature 
At 80% 
Confidence 


Operational 
Operating 
437.472 
2 
1 eV 
70'C 
00026 
Amplifier 
T 
J = 135'C 


Hermetic 
Operating 
718.648 
4 
leV 
70'C 
00033 
Interface 
IIC's 
TJ=135'C 
, 


The reliability 
approach 
at Motorola 
Semiconductors 
is 
based on designing-in 
reliability 
rather than testing for reli- 


ability only. This concept 
is reflected 
by Motorola's 
man- 


datory 
procedures 
which 
require 
product, 
process, 
and 
packaging 
qualification 
on three 
independently 
produced 
lots before any product is released to volume production. 
Reliability 
engineering 
approval, 
supported 
by an officially 
documented 
report, 
is required 
before any product 
is re- 
leased 
to manufacturing. 
Tests 
at both maximum 
rated 
and accelerated 
stress levels are performed. 
Acceleration 
is important 
to determine 
how and at what stress level a 
new design, 
product process, 
or package would fail. This 
information 
provides 
an 
indication 
of 
which 
design 
changes can be implemented 
to ensure a wider and safer 
margin between the maximum 
rated stress condition 
and 
the devices stress limitation. 


As well as qualifying 
all new prOducts, processes, 
and 


piece-parts, 
each Motorola manufacturing 
facility operates 


an ongoing reliabilify 
monitor which covers all process and 


packaging 
options. 
This 
program 
provides 
a continuous 


up-to-date 
data 
base which 
is summarized 
in periodical 


reports. 


Reliability 
statistics 
supporting 
all Motorola's 
Semicon- 


ductor devices can be obtained 
from any of the Motorola 


Sales Offices upon request. The present operating 
life test 


results 
demonstrate 
Motorola's 
reputation 
for producing 


semiconductors 
with reliability 
second to none. 


The Quality 
organization 
in each facility 
is responsible 


for preparing 
and maintaining 
a Quality Manual which de· 


scribes 
in detail the quality systems 
and associated 
Reli· 


ability 
and Quality 
Assurance 
organization, 
policies, 
and 


procedures. 
This 
manual 
must 
be appraised 
and 
ulti- 
mately approved 
by the appropriate 
approval authority. 


Package Dimensions 
• 


• 


data sheets. Dimensions for the packages are given in this chapter. Surface mount packages 
may be special ordered by specifying the following suffixes: "0" 
(narrow SOIC), "OW" (wide 
SOIC), or "FN" 
(PLCC). For example, to order a' quad NOR gate, use MC14001 BCD. For, 


package availability, refer to brochure BR274. 


CERAMIC 
PACKAGE 
CASE 632-07 


NOTES: 


1. ALL RULES ANO NOTES ASSOCIATED WITH 
MO.ool 
AA OUTLINE SHALL APPLY. 


2, DIMENSION 
"L" TO CENTER Of LEADS WHEN 


fORMED 
PARALLEL 
3. 63Hl 
OBSOLETE, NEW STO. 632·03 SEE ISSUE 


"C" fOR REfERENCE, 


4. DIMENSION "A" AND "B" 1632,07100 NOT 
INCLUDE GLASS RUN-OUT 
5. 632-06 OBSOLETE, NEW STO 632,07 
6, LEADS WITHIN 0.25 mm 100101 DIA Of TRUE 
POSITION AT SEATING PLANE AND MAXIMUM 
MATERIAL CONDITION. 


PLASTIC 
PACKAGE 
CASE 646-05 


NOTES: 
,ro 


1. LEADS WITHIN 
0,13mm 
(0,005) 
RADIUS 
OF TRUE 
POSITlDN 
AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION, 


2, DIMENSION 
"L" 
TO 
CENTER OF LEADS 
WHEN FORMED 


PARALLEL, 


3, DIMENSION 
"S" 
DOES NOT 
INCLUDE 
MOLD 
FLASH, 
4, ROUNDED 
CORNERS 
OPTIONAL. 


MILUMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
19,05 
19.94 
0.750 
0.7B5 
8 
6,10 
7,49 
0.240 
0295 
C 
- 
5.08 
0200 


D 
0,38 
0.58 
0015 
0.023 
f 
1.40 
1.77 
0055 
0,070 
G 
2.54 BSC' 
0,100 BSC • 
H 
1.91 
2.29 
0.075 
0,090 
J 
0,20 
0.38 
0.008 
0.Q15 


K 
31B 
4,32 
0.125 
0,170 
L 
7.62 BSC' 
0300 BSC • 
M 
IS' 
- 
W 
N 
0.51 
1.02 
0.020 
0040 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
lS,16 
19,56 
0.715 
0,770 
S 
6,10 
6,60 
0,240 
0,260 


C 
4,06 
5,08 
0,160 
0,200 
D 
0,38 
0,53 
0,015 
0,021 
F 
1.02 
1.78 
0,040 
0,070 


G 
2,54 SSC' 
0,100SsC' 
H 
1.32 
2.41 
0,052 
0,095 
J 
0,20 
0,38 
0,008 
0,015 
K 
2,92 
3.43 
0,115 
0,135 
L 
7,62 SSC' 
0,300 SSC' 
M 
00 
100 
00 
10° 
N 
0,51 
1.02 
0,020 
I 0,040 


SOIC PACKAGE 
CASE 751A 
.~ 


'~ 
~ Gf-- 
-H--D 
C [;=L=;] 


1+1~~-t. 
[tJL 
,~ 


NOTES: 
J 
1. ·T·IS SEATING PLANE. 
2. DIMENSIONA IS DATUM. 
3. POSITIONAl TOLERANCE 
FOR lEADS: 


1-+102510.0101 
I!!ll A ®I 


~ 
~- 


IIUIIETERS 
INCHES 
DIll 
!IN 
MAX 
!IN 
MAX 
A 
8.54 
8.74 
0.336 
0.344 
B 
3.81 
4.01 
0.150 
0.158 
C 
1.35 
1.75 
0.053 
0.069 
0 
0.35 
0.46 
0.014 
0.018 


F 
0.67 
0.77 
0.026 
0.030 
G 
1.27 BSC' 
0.050 BSC • 
J 
0.19 
0.22 
0.007 
0.009 


K 
0.10 
0.20 
0.004 
0.008 
L 
4.82 
5.21 
0.189 
0.205 


P 
5.79 
6.20 
0.228 
0.244 


• 


• 


CERAMIC 
PACKAGE 
CASE 620-08 
t 
B 


8~ 


1. LEADS WITHIN 0.13 mm 10.005) RADIUS 


OF TRUE POSITION 
AT Sl'IITING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 
2. PACKAGE 
INDEX: 
NOTCH IN LEAD 
NOTCH IN CERAMIC 
OR INK DOT. 
3. DIM "L" 
TO CENTER 0 F LEADS WHEN 
FORMED PARALLEL. 


4. DIM "A" 
AND "S" 
00 
NOT INCLUDE 
GLASS RUN·OUT. 


5. DIM "F" 
MAY NARROW TO 0.76 mm 


10.0301 WHERE THE LEAD ENTERS 
THE CERAMIC 
SOOY. 


PLASTIC 
PACKAGE 
CASE 648-05 
Qi~: :: : : ::lJ ~ 


~Fl-- 
'\ 
OPTIONAL 
LEAD 
CONFIG. 
(1. S. 9. & 16) 


P 
A--"~mB 


J 
C 
f 
I~ 


"~ _~d- JL, "",,:1J -L, .JL 


PLANE 


NOTES: 


1. LEADSWITHINO.13mm 
(0.005) RADIUS OF TRUE 
POSITION AT SEATING 
PLANE AT MAXIMUM 
MATERIAL 
CONDITION. 


2. DIMENSION 
"L" 
TO 
CENTER OF LEADS 
WHEN FORMED 
PARALLEL. 


3. DIMENSION 
"8" 
DOES NOT 
INCLUDE 
MOLD FLASH. 


4. "F" 
DIMENSION 
IS FOR FULL 
LEADS. "HALF" 
LEADS ARE 
OPTIONAL 
AT LEAD 
POSITIONS 
1,8.9, 
and 16). 


5. ROUNDED 
CORNERS OPTIONAL. 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
19.05 
19.94 
0.750 
0.785 
8 
6.10 
7.49 
0.240 
0.295 
C 
5.08 
- 
0.200 
D 
0.38 
0.53 
0.015 
0.021 


F 
1.40 
1.78 
0.055 
0.070 
G 
2.54 8SC' 
0.1008SC· 
H 
0.51 
I 
1.14 
0.020 
0.045 
J 
0.20 
I 
0.30 
0.008 
0.012 


K 
3.18 
I 
4.32 
0.125 
0.170 


L 
7.628SC· 
0.300 8SC' 
M 
_ 
I 
1~0 
150 


N 
n.~1 
I 
1.02 
0.020 I 0.040 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
18.80 
21.34 
0.740 
0.840 
8 
6.10 
6.60 
0.240 
0.260 
C 
4.06 
5.08 
0.160 
0.200 
D 
0.38 
0.53 
0.015 
0.021 
F 
1.02 
1.78 
0.040 
0.070 
G 
2.54 8SC' 
0.100 8SC' 
H 
0.38 r 2.41 
0.015 
T 0.095 
J 
0.20 T 0.38 
0.00810.015 
K 
2.92 
I 
3.43 
0.115 
0.135 
L 
7.62 8SC • 
0.3008SC· 
M 
(jlf T 100 
00 I 
100 
N 
0.51 
1.02 
0.020 
r 0.040 


SOIC PACKAGE 
CASE 7518 


\_. 
A 


NOltS: 


1. ·T·IS SEATING PLANE. 
2. DIMENSION A IS DATUM. 
3. POSITIONALTOLERANCE 
FOR LEADS: 
["1025100101 ®I A ®I 


MllUMETERS 
INCHES 
DIM 
M1N 
MAX 
M1N 
MAX 
A 
9.78 
10.01 
0.385 
0.394 
8 
3.81 
4.01 
0.150 
0.158 
C 
1.35 
1.75 
0.053 
0.069 
D 
0.35 
0.46 
0.014 
0.018 
F 
0.67 
o.n 
0.026 
0.030 
G 
1.27 SSC • 
0.050 SSC' 


J 
0.19 
0.22 
0.007 
0.009 


K 
0.10 
0.20 
0.004 
0.008 
l 
4.82 
5.21 
0.189 
0.205 
p 
5.79 
6.20 
0.228 
0.244 


• 


PLASTIC 
PACKAGE 
CASE 707-02 
f;: : :: : : : : IJ 


I 
A-I 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
22.22 
23.24 
0.875 
0.915 


B 
6.10 
6.60 
0.240 
0.260 


C 
3.56 
4.57 
0.140 
0.18if 
0 
0.36 
0.56 
0.014 
0.022 


F 
1.27 
1.78 
0.050 
0.070 


G 
2.54 
BSC' 
0.100 
BSC' 


H 
1.02 
1.52 
0.040 
0.060 
J 
0.20 
0.30 
0.008 
0.012 


K 
2.92 
3.43 
0.115 
0.135 
L 
7.S' 
Bsr' 
n ~nr ~. 


M 
00 
150 
lJD 
150 


N 
0.51 
1.02 
0.020 
0.040 


NOTES: 


1. 
POSITIONAL 
TOLERANCE 
OF LEADS 
(D), 
SHALL 
BE WITHIN 
0.25mm(0.010) 
AT 
MAXIMUM 
MATERIAL 
CONDITION, 
IN 
RELATION 
TO SEATING 
PLANE 
AND 
EACH 
OTHER. 


2. 
DIMENSION 
L TO 
CENTER 
OF LEADS 
WHEN 
FO RMED 
PARAllE 
l. 


3. 
DIMENSION 
B DOES NOT 
INCLUDE 
MOLD 
FLASH. 


CERAMIC 
PACKAGE 
CASE 726-04 
~88686!1 


19 
1 


18 
~ 


I 
I 


JG~- 
! 


A 
.1 


j 


DuooDuoo. 
..ln~ 9r 
I~~I~I~~~~\~4/ 
1\ 


H 
~ 
Fl- L 
L SEATINGPLANE-JL 
j \- 


--1 
D 
J 
M' 


MILLIMETERS 
INCHES 


DIM 
MIN 
MAX 
MIN 
MAX 


A 
22.35 
23.11 
0.880 
0.910 


B 
6.10 
7.49 
0.240 
0.295 


C 
- 
5.08 
- 
0.200 


0 
0.38 
0.53 
0015 
0.021 


F 
1.40 
1.78 
0.055 
0.070 


G 
2.54 BSC' 
0.100 BSC' 


H 
0.51 
1.14 
0.020 
0.045 


J 
020 I 030 
0008 
0012 


K 
3.18 
4.32 
0.125 
0.170 


L 
7.62 BSC' 
0.300 BSC' 


M 
0° 
15° 
00 
150 


N 
0.51 
1.02 
0020 I 0.040 


NOTES: 
1. LEADS, TRUE 
POSITIONED 
WITHIN 
0.25 mm (0.010) DIA. 
. AT SEATING 
PLANE 
AT 
MAXIMUM 
MATERIAL 
CONDITION. 


2. DIM "L" 
TO CENTER 
OF 
LEADS WHEN FORMED 
PARALLel. 
3. DIM "A" 
& "B" 
INCLUDES 
MENISCUS. 


CERAMIC 
PACKAGE 
CASE 623-05 


NOTES 
1. OIM "L" 
TO CENTER OF 
LEAOS WHEN FORMEO 
PARALLEL. 


2. LEAOS WITHIN 
0.13 mm 
10.005) RADIUS 
OF TRUE 
POSITION 
AT SEATING 
PLANE 
AT MAXIMUM 
MATERIAL 
CONDITION. 
IWHEN FORMED 
PARALLEL). 


PLASTIC 
PACKAGE 
r:::::::::::lj CASE70002 


~C~~" 
\ 


~K· 
J~~ 


F 
0 
\S£ATlNG 
~ 
...--M 


NOTES: 
PLANE 


1. PDSITIONAL 
TOLERANCE 
DF LEADS (D), 


SHALL 
BE WITHIN 
0.25 mm (0.0101 AT 


MAXIMUM 
MATERIAL 
CONDITION, 
IN 


RELATION 
TO SEATING 
PLANE AND 


EACH OTHER. 


2. DIMENSION 
L TO CENTER OF LEADS 


WHEN FORMED PARALLEL. 


3. DIMENSIDN 
B DOES NOT INCLUDE 
MOLD 


FLASH. 


MI LliMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 


A 
31.24 
32.77 
1.230 
1.290 
B 
12.70 
15.49 
0.500 
0.610 
C 
4.06 
5.59 
0.160 
0.220 
D 
0.41 
0.51 
0.016 
0.020 
F 
1.27 
1.52 
0.050 
0.060 


G 
2.54 BSC' 
0.100 BSC' 
J 
0.20 
I 
0.30 
O.OOB 
0.012 
K 
3.1B I 
4.06 
0.125 
0.160 
- 
15.24 BSC 
0.600 BSC' 


M 
00 
I 
150 
0° 
15° 


N 
0.51 
I 
1.27 
0.020 
0.050 


MILLIMETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
31.37 
32.13 
1.235 
1.265 
B 
13.72 
14.22 
0.540 
0.560 
C 
3.94 
5.08 
0.155 
0.200 
D 
0.36 
0.56 
0.014 
0.022 
F 
1.02 
1.52 
0.040 
0.060 
G 
2.54 
BSC' 
0.100 
BSC' 
H 
1.65 I 
2.03 
0.065 I 0080 
J 
0.20 
0.38 
0.008 I 0.015 
K 
2.92 
3.43 
0.115 I 0.135 
l 
15.24 
8SC' 
0.600 
BSC' 
M 
0° 
15° 
0° 
I 
15° 
N 
0.51 
1.02 
0.020 I 0.040 • 


• 


PLCC PACKAGE 
CASE 776-01 


NOTES: 


1. DIMENSIONS 
RAND 
U DO NOT INCLUDE 
MOLD 


FLASH. 


2. DIMENSIONING 
AND TOLERANCING 
PER ANSI 
Y14.5M, 1982. 


3. CONTROLUNG 
DIMENSION: 
INCH 
•• 


M1U1olETERS 
INCHES 
DIM 
MIN 
MAX 
MIN 
MAX 
A 
12.32 
12.57 
0.485 
0.495 
B 
12.32 
12.57 
0.485 
0.495 
C 
4.19 
4.57 
0.166 
0.180 
D 
0.64 
1.01 
0.025 
0.040 
E 
2.16 
2.79 
O.~ 
0.110 
F 
0.33 
0.53 
0.013 
0.021 
G 
1.278SC· 
0.050 sse' 
H 
0.66 
0.81 
0.026 
0.032 
J 
0.38 
0.63 
0.015 
0.025 
K 
9.91 
10.92 
0.390 
0.430 


R 
11.43 
12.57 
0.450 
0.456 
U 
11.43 
12.57 
0.450 
'0.456 
V 
1.07 
1.21 
0.042 
0.048 
W 
1.07 
1.21 
0.042 
0.048 
X 
1.07 
1.42 
0.042 
0.056 
Y 
0.00 
0.50 
0.000 
0.020 


